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COMMONWEALTH  OF  PEMSYLVANIA. 


DEPARTMENT  OF  AGRlCdLTeRE. 


Harrisburg,  Pa.,  April  30,  1900. 

The  following  Bulletin  by  Dr.  William  Frear,  Chemist  of  the 
Pennsylvania  State  Experiment  Station,  upon  "The  Use  of  Lime 
as  an  Aid  in  Agricultural  Production,"  was  undertaken  several  years 
ago  at  the  suggestion  of  this  Department.  Practical  men  have  dif- 
fered radically  from  each  other,  and  still  ditfer  as  to  the  profitableness 
of  the  use  of  lime  in  promoting  the  growth  of  plants,  and  theorists 
and  scientific  teachers  also  differ  as  to  its  physical  and  chemical 
effects  upon  the  soil.  Lime,  in  addition  to  its  other  virtues,  has  been 
found  to  be  of  great  value  as  a  corrective  of  soil  acidity.  Recent 
investigations  show  that  the  state  of  the  soil  as  to  its  acidity  or  alka- 
line condition  affects  plants  more  than  was  formerly  believed,  and  it 
is  further  ascertained  that  certain  plants,  grown  in  acid  soils,  are 
not  injuriously  affected  whilst  others  are  seriously  injured  by  this 

treatment.  .  ■ 

Many  thousands  of  dollars  are  annually  expended  in  Pennsylvania 
for  lime  for  agricultural  use.  It  is,  therefore,  important  for  our 
farmers  to  know  the  latest  and  best  theories  and  methods  for  its 
use,  as  ascertained  by  scientific  men,  attested  by  careful  experiments 
and  the  observation  of  experts,  in  order  that  they  may  be  guided  in 
their  practice  by  intelligent  direction,  rather  than  by  purely  em- 
pirical methods.'  Dr.  Frear  has  given  careful  study  to  this  question, 
and  has  had  also  the  benefit  of  the  results  of  recent  investigations 
by  experiment  observers  in  other  States,  as  well  as  of  facts  ascer- 
tained in  a  course  of  experiments  conducted  at  the  State  Experiment 
Station  in  Pennsylvania. 

The  Bulletin  is  quite  elaborate,  is  most  carefully  prepared,  and  will 
commend  itself  to  all  thoughtful  and  progressive  farmers.  It  should 
be  carefullv  preserved  for  future  reference  by  all  who  secure  a  copy. 

JOHN  HAMILTON, 
Secretary  of  Agriculture. 
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LETTER  OF  TRANSMITTAL. 


Tlie  Pennsylvania  State  College, 
Agricultural  Experiment  Station, 
State  College,  Pa,  Feb.  28, 1900. 

Hon.  John  Hamilton,  Secretary  of  Agriculture,  Harrisburg,  Pa.: 

Dear  Sir:  I  have  the  honor  herewith  to  transmit  a  comprehensive 
report  upon  the  agricultural  use  of  lime  in  Pennsylvania  and  upon 
certain  experiments  designed  to  explain  in  some  degree  its  beneficial 
results  observed  upon  certain  of  the  typical  soils  of  our  Common- 
wealth, the  inquiry  and  experiments  having  been  made  at  your 
request  and  in  accordance  with  plans  approved  by  you. 

I  am  under  obligation  to  many  public-spirited  correspondents  in 
this  and  other  States  for  valuable  information  and  to  my  assistants, 
Mr  Charles  A.  Browne,  Jr.,  M.  A.,  for  aid  in  compiling  the  analyses 
of  Pennsylvania  linu>stones;  Messrs.  W.  S.  Sweetser,  M.  S.,  and  M. 
S  McDowell,  U.  S..  for  aid  in  the  investigations  upon  the  organic 
matter  and  nitrogen  of  the  soils;  and  to  Messrs.  C.  W.  Norris  and 
C.  P.  Belstle,  B.  S.,  for  aid  in  investigating  the  physical  characters, 
aciditv,  carbonatal'ion  and  the  potash  and  phosphoric  acid  of  the 
soils. '  I  am  also  especially  indebted  to  the  gentlemen  through  whose 
intelligent  observation  and  careful  work  I  was  enabled  to  secure 
samples  of  Pennsylvania  soils  adapted  to  the  proposed  laboratory 
studies,  Messrs.  L.  W.  Lighty,  Hon.  S.  M.  Wherry,  John  Moyer,  J. 
S  Biddle,  Ed.  Anderson  and  Joel  Herr.    In  the  discussion  of  the 
subject  numerous  references  have  been  made  to  the  most  important 
observations  and  experiments  made  ,'lsewhere,  in  oi'der  that  the 
use  of  lime,  which  is  more  largely  employed  in  Pennsylvania  1han 
in  any  other  portion  of  the  Western  Hemisphere,  may  hv  more  dis 
criminately  and  economically  practised. 

Very  respectfully, 

WILLIAM  FREAE. 
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THE  AGRICULTURAL  USE  OF  LIME  IN  PENN- 
SYLVANIA. 


HISTORY. 


The  use  of  lime,  or  "burnt  lime,"  as  it  is  sometimes  called,  as  a 
means  of  increasing  the  productiveness  of  soils  dates  back  for  many 
centuries.  Existing  evidences  indicate  that  other  calcareous  sub- 
stances, such  as  marl  and  wood-ashes,  were  used  as  fertilizers  in  a 
number  of  localities  long  before  lime  itself  was  employed  for  a  sim- 
ilar  purpose.  The  most  ancient  writers  of  Europe  dealing  with 
agricultural  processes,  refer  to  their  use.  Pliny  (died  A.  D.  79)  speaks 
of  the  application  by  the  Greeks  of  marl  to  certain  heavy  soils  as 
though  the  custom  were  one  long  known,  and  the  Roman  general, 
Varro  (died  B.  C.  28),  describes  the  applications  of  marl  practised  by 
the  peoples  dwelling  in  Britain  and  Gaul. 

A.  Dickson,*  who  has  made  a  careful  study  of  the  Greek  and  Latin 
writers,  asserts  that  lime  was  not  used  for  agricultural  purposes  until 
about  the  time  of  Pliny,  although  its  property  as  a  mortar-making 
substance  was  well  known  long  before.  Gate  (died  B.  C.  150),  who 
wrote  of  the  agriculture  of  his  times,  is,  however,  quoted  by  London,! 
as  follows:  "If  you  cannot  sell  wood  and  twigs,  and  have  no  stone 
that  will  burn  into  lime,  make  charcoal  of  the  wood,  and  burn  in  the 
corn  (grain)  fields  the  twigs  and  small  branches  that  remain."  Cato 
also  gives  a  careful  description  of  the  construction  of  a  lime  kiln, 
which  was  apparently  of  the  type  known  to-day  as  a  "flame  kiln." 
Loudon  infers  from  the  passage  quoted  that  the  lime  was  to  be  applied 
to  the  land,  but  it  is  not  a  necessary  conclusion;  the  use  of  the 
waste  twigs  and  fag'gots  to  yield  wood-ashes  for  application  to  the 
land,  in  case  they  cannot  be  sold  or  better  used  for  burning  lime,  is 
the  only  distinct  recommendation  contained  in  the  sentence. 

The  application  of  lime  was.  in  Pliny's  time,  confined  by  the  Roman 
farmer  chiefly  to  his  vineyards  and  olive  orchards;  it  was  also  quite 
a  good  deal  used  to  hasten  the  maturity  of  fruiting  of  the  cherry;  but 
as  to  its  use  for  ordinary  farm  crops,  while  it  was  occasionally 
practised,  there  is  no  indication  that  the  practise  was  at  all  general. 

'Husbanclry  of  the  Ancients,  1807,  I,  330. 
tEncyclopaedia  of  Agriculture,  6th  ed.,  1869,  p.  25. 

(11) 


12 


Tlic  Chinese,  whose  civilization  stretches  away  beyond  historical 
records,  and  whose  agriculture  is,  in  many  ways,  very  advanced,  es- 
teem wood-ashes  as  the  very  best  of  manures.  While  they  are 
aware,  says  Loudon,*  of  the  fertilizing  value  of  lime,  they  use  it 
(  hietiy  for  the  purpose  of  destroying  insects. 

During  the  Dark  Ages  following  the  decay  of  Roman  civilization, 
social  and  political  confusion  almost  entirely  suppres'sed  intensive 
and  skilled  agriculture,  except  as  its  best  traditions  were  here  and 
there  preserved  by  the  studious  inmates  of  an  occasional  monastery, 
of  this  period,  there  is  little  agricultural  record.  It  is  clear,  however, 
that  the  practice  of  liming  had  meanwhile  been  more  or  less  con- 
tinuously kept  up.  Sir  Anthony  Fitzherbert,  the  first  prominent 
English'  writer  on  agriculture,  in  "The  Book  of  Husbandry"  (London, 
1523),  strongly  urges  the  use  of  both  lime  and  marl;  and  Gervase 
Markham,  in  "The  Countrey  Farme"  (London,  IGifi),  which  is  chiefly 
a  compilation  from  the  French,  Italian  and  Spanish  writers  of  the 
sixteenth  century,  mentions  lime  as  an  important  addition  to  many 
garden  soils  and,  for  general  cultures,  to  cold  soils  in  particular. 

Since  those  days,  the  application  of  lime  has  been  continued  in  all 
those  European  countries  where  agriculture  exhibits  the  highest 
degree  of  advancement,  though  with  great  differences  in  the  manner 
of  use,  to  which  reference  \\ill  later  be  made  in  the  discussion  of  the 
various  more  important  practical  (luestions  concerning  liming.  More 
particularly  has  the  practice  obtained  in  Scotland,  Wales  and  the 
northern  and  western  counties  of  England — that  is,  in  the  more  humid 
regions. 

In  a  private  letter.  Prof.  K.  Warington,  of  the  University  of  Cam- 
bridge, long  chemist  to  the  Rothauisted  Experiment  Station,  says: 
"Before  the  introduction  of  artificial  manures,  lime  was,  next  to 
dung,  the  commonest  manure  employed  by  farmers  in  England.  The 
use  of  lime  has,  in  recent  years,  much  diminished.  A  return  to  the 
loi-mer  practice  would  be,  in  some  cases,  decidedly  beneficial.  *  * 
In  this  neighborhood  (Rothamsted)  in  which  the  subsoil  of  the  fields 
is  chalk,  it  was  a  common  practice  to  sink  pits  into  the  subsoil  and 
to  spread  over  the  fields  the  chalk  brought  up  from  below.  *  * 
The  analysis  of  the  Rothamsted  soil  shows  that  the  first  nine  inches 
contains  about  five  times  as  much  lime  as  the  second  or  third  nine 
inches,  a  relation  most  unusual  in  the  case  of  natural  soils,  and  ai'ising 
apparently  from  the  ancient  ai)plication  of  chalk  to  the  land." 

In  Belgium,  in  those  regions  in  Germany  where  the  heavier  soils 
prevail,  and  in  France  upon  the  lighter  granitic  soils,  it  is  also  much 
used. 

Deh^rainf  states  the  revival  of  the  use  of  lime  in  France  did  not 
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in  all  pi-obability,  occur  until  tlic  beginning  ol'  the  seventeenth  <"<'n- 
tnvy,  and  quotes  from  Oliver  de  Serres,  Tlicatve  d' A(ji'i<:nltare  (I,  liiT), 
to  the  effect  that  its  use  had  been  followed  for  a  Vnv^  tiuie  .n 
the  dislricts  of  (iueldres  and  of  Juilliers.  At  the  pi-esent  lime, 
Deherain  states,  the  use  of  lime  and  of  marl  has  wrought  a  veritable 
agricultural  transformation  in  Mayemie,  Sarthe,  Limousin  and  So- 
logne. 

It  was  naturally  among  the  first  materials  whiicli  the  European 
settlers  in  the  New  World  used  when  bringing  into  tillage  soils  re- 
quiring especial  treatment,  sueli  as  swampy  lands  and  very  heavy 
clays.    John  t^purrier,  in  '-The  Practical  Farmer''  (Wilmington,  Del., 
1793,  a  subscription  book  numbering  among  its  subscribers  "George 
Washington,  Esq.,  President  of  the  United  States"),  one  of  the  earliest 
American  works  on  agriculture,  treats  quite  fully  of  the  value  of 
lime  in  the  amendment  of  such  soils  and  shows  a  practical  acquaint- 
ance with  the  results  of  its  use,  though,  like  other  writers  of  the 
period,  he  otfers  very  quaint  theories  to  account  for  its  action.  Prior 
to  the  introduction  of  the  modern  commercial  fertilizers,  the  common 
calcareous  manures  were  very  largely  em])loyed.    In  Canada  and  m 
New  York  and  Pennsylvania,  gypsum,  or  land  plaster,  was  a  very 
common  application;  where  marls  were  readily  accessible,  especially 
in  Canada  and  New  Jersey,  they  were  widely  used  and,  despite  their 
bulkiness  and  the  great  cost  of  their  transportation,  they  were  often 
carried  many  miles  by  rail  for  application  to  general  farm  lands. 
Wood  ashes  have  been  employed  everywhere,  Canada  ashes  still 
finding  a  large  sale  in  the  New  England  States,  New  York  and  north- 
ern Pennsylvania.    Leached  wood  ashes,  composed  chiefly  of  car- 
bonate of  lime,  are  much  used  in  New  England.    The  use  of  burnt 
lime  was  especially  prevalent  in  eastern  Pennsylvania  and  New 
York;  in  certain  localities,  however,  such  as  eastern  Massachusetts, 
it  is  scarcely  used  at  all;  its  difficult  accessibility  is  not  the  reason 
for  its  disuse  in  many  of  these  localities. 

The  introduction  of  commercial  fertilizers,  particularly  the  acidu- 
lated lime  phosphates,  potash  salts  and  soluble  nitrogenous  ferti- 
lizers, greatly  affected  the  use  of  lime  in  New  York  and  Pennsylvania. 
While  there'^are  many  farmers  firmly  fixed  in  the  traditions  of  their 
fathers,  who  have  clung  to  the  use  of  stable  nuxnure  and  liming  to 
the  total  exclusion  of  the  artificial  fertilizers,  they  were  more  nunun-- 
ous  who  dropped  lime  almost  entirely  out  of  consideration  as  a  means 
of  soil  improvement,  and  the  traveler  will  see  in  all  those  regions 
where  lime  was  formerly  used  by  all  faniun-s,  dismantled  lime-kilns 
on  every  hand. 

This  tendeucv  to  exclude  liming  has,  however,  been  strongly  coni- 
batted;  the  question  of  "lime  vmm  phosphates"  has  been  mooted 
in  some  way  or  other  at  nearly  every  farmers'  institute  held  in  the 
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State,  with  the  expression  of  highly  divergeut  experiences  with  tlie 
contrasted  materials  and  still  more  highly  divergent  theories  of 
their  several  actions.  The  writer  has  been  led  to  believe  that,  with- 
out at  all  diminishing  the  importance  of  the  place  assigned  to  the 
commercial  fertilizer  in  farm  practice,  the  use  of  lime  is  coming 
into  renewed  favor,  and  is  gradually  becoming  more  general.  Many 
inquiries  made  of  the  writer,  and  man}'  statements  made  by  Pennsyl- 
vania farmers  indicate,  however,  that  the  subject  is  one  upon  which 
much  confusion  of  opinion  still  exists.  Nor  is  this  peculiar  to  Penn- 
sylvania.. 

Storer*  says:  "As  matters  actually  stand,  the  student  is  met  at 
the  threshold  of  the  inquiry  by  so  many  different  statements,  so  many 
possibilities  and  probabilities,  that  the  subject  is  made  to  seem 
less  clear  than  it  really  is.  As  has  been  said,  the  contrast  between 
the  current  methods  and  practices  of  farmers  in  respect  to  the  use 
of  lime,  are  very  remarkable.  Why  is  it,  for  example,  that  so  little 
lime  is  used  in  eastern  Massachusetts,  and  why  is  it  that  such 
enormous  quantities  of  it  are  used  in  other  districts  such,  for  ex- 
ample, as  some  parts  of  Pennsylvania,  of  France  and  of  Germany? 
Indifference  towards  lime,  or  objection  to  it,  is  by  no  means  peculiar 
to  this  particular  locality.  It  is  notorious  that  in  some  parts  of  the 
world  landlords  have  often  absolutely  forbidden  their  tenants  by 
contract  from  using  lime,  and  the  employment  of  it  in  agriculture 
at  the  present  day  cannot  in  any  sense  be  regarded  as  a  general  prac- 
tice." 

LIMING  IN  NEIGHBORING  STATES. 

Before  entering  upon  the  consideration  of  Pennsylvania  practice, 
a  brief  view  of  that  of  neighboring  states  will  be  of  interest. 

In  Rhode  Island,  as  a  consequence  of  careful  investigations  made 
ni  Ihe  Rhode  Island  Experiment  Station,  the  use  of  lime  upon  sandy 
upland  soils  has  gi'owii  very  rapidly,  although  it  is  only  of  recent 
dale. 

Hon.  Geo.  T.  Powell,  of  Ghent,  N.  Y.,  well  known  to  Pennsylvania 
farmers  as  an  institute  lecturer,  writes:  "There  is  no  lime  used  in 
eastern  New  York."  Dr.  L.  L.  VanSlyke,  of  the  New  York  State  Ex- 
periment Station,  virtually  endorses  this  statement. 

Of  the  practice  in  New  Jersey,  Prof.  E.  B.  Voorhees,  Director  of 
the  New  Jersey  Experiment  Station,  writes,  that  about  one-third  of 
the  farmers  in  the  northern  and  central  sections  follow  it,  but  the 
use  is  decreasing.  The  quantity  used  is  about  the  same  as  formerly, 
viz:  2.5  bushels  of  stone  lime  per  acre,  applied  once  in  each  period  of 
foiii-  or,  moic  commonly,  five  years.  It  is  most  freciuently  applied 
to  wheat  at  the  time  of  seeding,  being  spread  after  plowing  and  har- 
rowed in.    The  lime  is  sometimes  home-burned,  but  is  generally  pur- 
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chased  fioni  dealeis  at  a  cost  of  1)  to  13  ceuts  per  bushel,  and  is  liauhnl 
by  the  faimer  for  a  distance  of  two  to  six  miles.  It  is,  not  allowed 
to  stand  Id  small  heaps  before  spreading.  Jts  best  results  are  seen 
upon  upland  clays  and  shales. 

As  to  Maryland,  Director  H.  J.  I'attersou,  of  the  Maryland  Experi- 
ment Station,  says  that  the  use  is  confined  to  certain  limited  sections 
of  the  state,  and  appears,  in  some  localities,  to  be  on  the  increase. 
The  lime  is  applied  once  in  eight  or  ten  yeai-s  to  land  that  it  seeded 
down  to  grass;  the  amount  applied  is  commonly  tifty  to  seventy-five 
bushels,  but  only  twenty  to  twenty-five  bushels  in  some  localities, 
and  there  is  a  general  tendency  toward  the  lighter  applications. 
The  application  is  commonly  made  after  plowing,  and  the  lime  har- 
rowed in;  in  some  sections,  top-dressings  on  wheat  and  grass  are 
considerably  practiced.  The  lime  is  not  often  allowed  to  stand  in 
small  heaps  before  application.  Both  oyster-shell  and  stone  lime  are 
used.  Some  farmers  burn  their  own  lime,  but  it  is,  for  the  most 
part,  purchased  of  dealers  in  Pennsylvania,  and  in  Washington, 
Frederick  and  Baltimore  counties,  in  northern  and  northwestern 
Maryland.  The  cost  at  the  kiln  or  warehouse  is  8  to  12  cents  per 
bushel,  and  the  distance  the  lime  is  hauled  is  about  six  miles  on  the 
average,  a  haul  of  twelve  to  twenty  miles  being  not  infrequent.  The 
effect  of  the  application  is  especially  noticeable  in  the  improved 
growth  of  grass  and  clover,  these  plants  often  failing  entirely  when 
lime  is  not  used. 

Of  West  Virginia,  Prof.  L.  C.  Corbett,  of  the  West  Virginia  Station, 
writes  that  in  those  sections  where  lime  is  easily  produced  by  home 
burning,  about  10  per  cent  of  the  farmei's  follow  the  practice,  but 
scarcely  1  per  cent,  in  other  sections.  The  lime  is  usually  home- 
burned,  but  the  limestone  is  occasionally  hauled  two  to  five  miles. 
The  quantity  applied  is  not  closely  estimated,  the  abundance  increas- 
ing as  the  cost  of  the  lime  is  less,  and  one  application  serves  for 
many  years.  The  application  is  made  directly  from  the  wagon  uixni 
plowed  ground,  and  the  lime  harrowed  in.  The  river  bodom  soils 
are  never  limed,  only  the  heavy  clay  uplands  receiving  the  ai>plica- 
tion. 

In  Ohio,  says  Director  Thorne,  of  the  Ohio  Agricultural  Experiment 
Station,  the  use  of  lime  as  a  means  of  soil  amendment,  is  very  rare. 

Leaving  the  humid  regions  and  turning  to  the  states  possessed 
of  a  more  or  less  arid  climate.  Prof.  E.  W.  Hilgard.  Director  of  the 
California  Experiment  Station,  says  of  California:  "Liming  and 
marling  are  scarcely  at  all  practised  in  this  state,  owing  to  the  fact 
that  nearly  all  the  soils  at  present  cultivated  contain  an  excess  of 
calcic  carbonate,  manifested  either  by  effervescence  with  acid  or  the 
blueing  of  litmus  ]iaper  after  twenty  minutes.  The  average  lime 
content  of  California  soils,  as  determined  by  extraction  with  hydro- 
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chloric  acid,  is  ovci-  1  ]»cr  (■(■nt.,  and  thf  character  of  the  vegetation 
is  almost  throughout  'calcix)hile'  (lime-loving).  In  a  few  cases 
wlieic  very  lieavy  clay  soils  have  been  found  poor  in  lirue,  I  have 
recoiumended  the  use  of  ([uick-lime  or  mai  l,  and  il  lias  l)eeu  done  with 
very  good  effect;  as,  also,  at  a  few  points  in  the  'tule'  lands — coast 
marshes — bearing  sour  grasses.  But  even  in  these  acidity  is  rather 
the  exception  than  the  rule,  on  account  of  the  large  ijroportion  of 
lime  contained  in  the  river  alluvium." 

Speaking  of  the  United  States  at  large,  Prof.  I.  P.  Roberts*  esti- 
mates that  at  least  99  per  cent,  of  the  arable  land  has  never  been 
limed,  and  it  not  likely  to  be  in  the  near  future — partly  because  lime 
is  inaccessible,  partly  because  the  soil  of  certain  great  areas  do  not 
require  it.  • 


PRESENT  PENNSYLVANIA  PRACTICE. 


•  As  an  introduction  to  a  discussion  of  the  principles  involved  in  the 
practice  of  liming,  it  has  been  thought  that  a  careful  survey  of  the 
extent  and  manner  of  its  use  in  the  several  portions  of  the  State  would 
be  valuable. 

Accordingly,  two  series  of  questions  were  framed  to  cover  the  more 
important  points  of  practice,  and  submitt^ed  respectively  to  a  number 
of  well-informed  farmers  in  each  county  of  the  State,  and  to  those 
lime  dealers  and  burners  whose  addresses  could  be  secured.  The 
writer  is  indebted  to  a  lai'ge  proportion  of  the  gentlemen  to  whom 
these  queries  were  addressed,  for  their  full  and  careful  replies.  From 
These  replies,  the  statements  of  the  practice  that  are  given  below  in 
the  various  portions  of  the  State  have  been  compiled.  The  names 
of  the  several  correspondiMits  who  have  given  this  valuable  assist- 
ance are  given  in  Appendix  A. 

Varying  Extent  of  Practice.  .  : 

The  proportion  of  farmers  in  the  several  counties  who  use  lime 
has  been  reported  by  the  correspondents.  The  answers  from  the 
same  county  are  often  quite  divergent,  owing,  doubtless,  to  the  fact 
that  because  of  difl'ei-e^nces  in  local  conditions,  one  section  of  a  county 
uses  lime  more  than  another.  Necessarily,  the  number  of  coi'res- 
]iondents  fi'om  each  county  was  too  small  to  give  a  perfectly  true 
representation  of  the  extent  to  which  lime  is  used.  The  percentage 
of  farmers  in  each  county  who  use  lime  upon  their  soils,  whether  with 
frequency  or  not,  as  gathered  from  the  correspondence,  is  shown 
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upon  the  accompanjiag  uiap.  Wlieu  a  perceutage  of  less  than  five 
was  vepoi-ted,  the  use  was  considered  as  probably  experinieutal  aud 
no  representation  made  for  it. 

Of  the  sixty-three  counties  reporting,  sixteen  show  no  use  of  lime; 
in  ten  or  more,  it  is  used  by  only  a  few  farmers,  and  in  ten  or  more, 
by  less  than  half,  while  in  ten,  it  is  said  to  be  used  to  some  extent  by 
75  to  100  per  cent,  of  the  farmers.  The  greater  use  is  found  in  the 
eastern  and  southern  parts  of  the  State;  with  a  few  marked  excep- 
tions, the  least  on  the  extreme  northern  and  w^estern  borders.  As 
will  be  seen  in  a  later  presentation  of  the  cost  of  lime  in  the  several 
localities,  one  reason  for  its  lack  of  application  there  is  the  high  cost. 

From  this  showing,  it  is  very  probable  that  the  use  of  lime  is  far 
more  prevalent  in  Pennsylvania  than  in  any  other  American  locality. 
The  above  statement  gives  no  just  notion  of  the  soil  area  to  which 
lime  is  applied.  The  surface  of  Pennsylvania  is  greatly  broken  into 
mountain,  ravine  and  broad  river  valley.  The  rocks  from  which  its 
soils  are  formed  represent  most  of  the  Avell-known  geological  forma- 
tions of  North  America.  Theie  is,  in  consequence,  an  almost  be- 
wildering variety  of  soil.  The  use  of  lime  in  each  locality  is  largely 
restricted  to  specific  kinds  of  land  and  no  data  are  readily  accessible 
to  permit  an  estimation  of  the  total  farm  area  of  Pennsylvania  upon 
which  liming  is  practised. 


SOILS  UPON  WHICH  LIME  IS  USED. 

The  inquiry  as  to  the  nature  of  the  lands  in  each  locality  giving 
the  best  results  from  the  application  of  lime,  resulted  in  a  number  of 
general  statements  to  which  all  agreed: 

All  soils,  when  rich  in  humus,  whether  new  land  or  old  soils  long 
down  in  grass  or  heavily  manured,  respond  well  to  liming,  the  lighter 
soils  more  promptly.  It  is  used  in  large  quantity  on  the  "gladey" 
lands  of  Greene  county  and  on  certain  low-lying  black  mucks  in 
Snyder  county. 

With  few  exceptions,  most  excellent  results  are  obtained  on  heavy 
clay  soils,  though  the  benefit  often  fails  to  appear  if  they  are  low- 
lying,  wet  and  ill-drained;  upland  clays  seem  to  give  the  best  results. 
The  white  and  bluish-white  clays  of  Armstrong  and  Greene  counties 
may  be  especially  mentioned  in  this  connection.  In  Pike  county 
only  is  the  result  on  light  soil— gravels  or  sands— reported  superior 
to  that  on  clay. 

"Limestone"  land,  which  is  usually  clayey  in  nature,  is  commonly 
reported  as  benefitted  by  liming,  but  reports  from  Bedford  county 
place  the  results  on  limestone  soil  with  those  on  sand,  and  reports 
from  Lehigh  county  say  that  these  soils  I'esix.iid  least  to  liming, 
jiarticularly  when  the  stone  lies  near  the  surface.    Some  limestones 
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leave  a  sand,  instead  of  a  clay;  wlietlier  it  is  so  in  these  cases  has  not 
been  ascertained. 

Sandy  soils  and  bottom  lands,  except  when  richly  supplied  with 
humus,  are  usually  reported  to  res^jond  least  to  liminy,  but  benelicial 
results  are  reported  from  Forest  county  from  applications  to  soils 
that  had  lost  their  surface  laj'ers  by  Hood.  Keport  from  Huntingdon 
county  mentions  a  heavy  sandy  soil  in  a  creek  bottom,  benefitted  by 
liming,  and  in  Lancaster  county,  with  its  broad  belt  of  limestone  clay 
land,  the  sandy  soils  are  reported  to  respond  best  to  the  treatment. 

Distinctly  gravelly  soils  are  commonly  reported  as  responding  well 
to  liming,  sometimes  loam  better  than  clay;  but  certain  gravelly 
soils  of  Columbia,  Indiana  and  Schuylkill  show  little  benefit.  Burn- 
ing out  of  humus  by  heavy  liming  is  noted  from  Cambria. 

Certain  soils  received  special  mention  in  the  several  counties,  and 
the  facts  concerning  these  are  given  below  by  counties: 

Adams. — Ironstone  soils  especially  benefitted;  l)lue  shales  dis- 
tinctly injured,  red  shales  not. 

Armstrong. — Excellent  result  on  spouty  clay,  impregnated  with  fer- 
rous sulfate,  lying  below  coal  outcrop. 

Bedford. — Excellent  results  on  upland  slate  and  red  shale  soils. 

Blair. — ^Much  less  eft'ect  on  red  shale  than  on  limestone  land. 

Carbon. — Red  shale  ridge  requires  liming  for  clover. 

Centre. — Light  upland  soils  on  spurs  of  Alleghenies  respond  liber- 
ally to  its  use  for  grass. 

Clarion. — Light  upland  sandy  S'oil — chestnut  land,  and  clay,  respond 
best. 

Clinton. — Best  results  on  red  shale.  ~ 

Cumberland. — Most  beneficial  on  black  slate. 

Dauphin. — Flint,  red  shale  and  yellow  slate  soils  respond  well. 

Elk. — (5ood  on  clay  below  coal  outcroj*,  whicli  yields  an  acid  soil. 

Franklin  and  Fulton. — Slate  benefitted  by  judicious  applications, 
often  showing  best  result. 

Huntingdon. — Slate  lands  do  well,  but  can  not  bear  heavy  liming. 

Indiana. — Slate  land  stands  next  to  clay  in  benefit  received. 

Juniata. — Has  little  but  (]uick  results  on  shale,  least  on  land  under- 
laid with  iron. 

Lancaster. — Upland  slate  shows  good  results. 

Lycoming. — Best  results  on  red  and  gray  shales. 

Northampton. — Quite  good  on  gravel  and  slate  lands  when  new. 

iSchuylkill. — Best  on  red  loam. 

Somerset. — Best  on  red  soils. 

Tioga. — Better  on  red  shale  than  on  sand. 

Union. — Slates  respond  least. 

Venango. — Dry  loam  and  sands  respond  well. 

Washington. — On  red  sliale  there  are  no  good  results. 

These  statements  tend  to  show  that  slate  and  shale  lands  com- 
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monly  respond  well  to  liming,  though  with  some  sharp  exceptions, 
which  are,  probably,  due  to  the  difference  in  the  extent  to  which  the 
i-0(  ks  forming  the  soils  have  broken  down,  some  slalcs  in  particular 
breaking  down  very  slowly  and  imperfectly. 

In  response  to  questions  concerning  the  effect  of  liming  upon  the 
qualities  of  the  soil,  it  is  almost  without  exception  answered  that  the 
heavy  soils  are  made  lighter,  more  porous  and  more  easily  tilled,  and 
that  they  regulate  the  moisture  supply  more  perfectly,  so  that  crops 
growing  upon  them  suffer  less  in  extremely  M^et  or  extremely  dry 
seasons  than  they  did  upon  the  same  soil  before  liming.  Of  the 
lighter  soils  (gravels,  shales  and  slates),  it  is  said  that  they  respond 
quickly  to  small  applications  and  are  made  more  compact  and  better 
able  to  retain  moisture,  but  that  with  large  applications  they  burn 
out  or  lose  their  humus  to  too  great  an  extent. 

TENDENCY  TOWARD  INCREASED  USE  OP  LIME. 

Irrespective  of  the  methods  of  its  use,  the  replies  indicate  that  there 
is  a  very  general  tendency  to  return  to  a  judicious  use  of  liming  for 
special  purposes.  Of  eighty-four  correspondents  making  reply  upon 
this  point,  one-half  state  that  its  use  is  again  on  the  increase  in  their 
respective  localities,  and  only  seven  distinctly  affirm  that  in  their 
neighborhoods  its  use  is  decreasing. 

Pennsylvania  practice  as  to  the  methods  of  its  use,  shows  wide 
divergences. 

CROPS  LIMED. 

Considering  first  the  nature  of  the  crop  to  which  it  is  applied:  In 
most  counties  it  is  reported  as  being  applied  to  ground  preparing  for 
corn,  either  before  or  after  plowing;  but  in  Blair,  Bucks,  Centre, 
Cameron,  Crawford,  Fayette,  Forest,  Pike,  Susquehanna,  Tioga,  Ve- 
nango, ^Vashing■ton,  Wyoming  and  in  c^ertain  sections  of  Cambria, 
Fj-anklin,  Huntingdon,  Luzerne,  Monroe,  Northampton  and  Schuyl- 
kill it  is  either  never  so  applied  or  with  less  frequency  than  upon 
grass  or  cei-eals.  The  prevailing  custom  is  to  plow  the  sod  under, 
most  often  during  the  fall  and  winter,  and  apply  the  lime,  after  first 
harrowing  and  rolling,  which  operations  are  then  repeated  to  secure 
the  perfect  admixture  with  the  surface  soil.  In  Adams,  Armstrong, 
Bedford,  Blair,  Clinton,  Dauphin,  Lawrence,  Northumberland,  Tioga, 
Union  and  in  some  sections  of  Jefferson,  Lebanon,  Lehigh,  Snyder 
and  Somerset  counties  the  lime  is  more  commonly  applied  to  the  sod 
befor-e  plowing,  during  the  summer  if  the  plowing  is  to  be  done  in 
the  fall,  oi-  during  the  later  fall  and  winter,  if  the  plowing  is  deferred 
until  springdme.  Many  of  the  correspondents  lemark  that  where 
lime  is  plowed  under  with  the  sod,  especial  care  is  taken  (o  have  the 
I^lowing  shallow. 
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The  occasional  use  ot  Jiine  upon  wiicut  is  reported  from  nearly  all 
Idciilii  ics,  si)ecili(-  slatenicnts  concerning-  it  l)eing  absent  onl}'  from 
reporls  nt  correspondents  living  in  Iterks,  (Jlinton,  Dauphin,  Dela- 
ware, Lackawanna,  Jjawrencc,  Lehigh,  Hus(piehan]ia,  ^Vashing■ton 
and  Wayne  count ies.  Its  use  on  rye  is  speciaily  mentioned  in  reports 
from  Blair,  Fayette,  Northampton  and  Dike  counties,  though  its  use 
on  fall  grains  in  general  is  reported  in  other  localities.  It  is  applied 
to  oats,  especially  when  sown  with  grass  for  seeding  down,  in  Cam- 
bria, Fayette,  Luzerne,  Somerset,  Sus(]uehanna,  Tioga  and  Wayne 
counties.  ^Vhen  these  cereals  follow  a  sod,  the  application  is  made 
either  before  or  after  plowing,  but  when  wheat  or  rye  follows  oats, 
the  lime  is  not  applied  until  the  oats  stubble  has  been  plowed  and 
harrowed. 

A-^ery  commonly,  the  application  to  fall  grains  and  to  oats  is  for 
the  benefit  of  the  following  crops  of  grass  and  clover.  Later  applica- 
tions are  not  uncommonly  made  for  the  latter  crops.  In  one  instance, 
a  light  top-dressing  on  fall  wheat  some  little  time  after  seeding  is  men- 
tioned; more  frequently,  the  application  is  made  after  the  removal 
of  the  grain.  Reports  from  Blair,  Bucks,  Northampton  and  Snyder 
counties  state  that  lime  is  frequently  applied  as  a  top-dressing  to 
wheat  stubble;  in  Centre,  it  is  reported,  clover  is  top-dressed  by 
some;  while  its  application  in  like  manner  to  meadows  and  mowing 
lands  is  reported  from  (Jameron,  Clinton,  Franklin,  Indiana,  Lacka- 
wanna, Lehigh,  Mercer,  Northampton  and  Washington  counties. 

Buckwheat  land  is  limed  before  sowing  in  Lycoming  and  Monroe 
counties. 

In  Dauphin  county,  it  is  stated,  lime  is  fre(iuently  used  in  preparing 
land  for  potatoes.  It  is  applied  as  a  top-dressing,  with  a  heavy  dress- 
ing of  manure,  upon  the  plowed  gi'ound  and  is  then  thoroughly 
worked  into  the  surface  by  use  of  a  spring-tooth  harrow. 

FREQUENCY  OP  LIMING. 

The  replies  as  to  frequency  of  ap])lication  can  not  be  readily  pre- 
sented in  compact  form.  In  Bedford,  Blair,  Cumberland,  Elk,  Frank- 
lin, Fulton,  Lebanon,  Snyder  and  W^estmoreland  the  applications  are 
not  usually  made  more  frequently  than  once  in  ten,  fifteen  or  even 
twenty  years.  In  other  districts  using  lime,  it  is  stated  that  there  is  a 
very  distinct  tendency  to  make  more  frequent  and  lighter  applica- 
tions, light  dressings  every  three  to  five  years  being  cited  in  some 
localities,  the  lighter  and  more  frequent  dressings  being  made  to 
light,  o])en  soils.  The  local  cost  of  liming  also  influences  the  practice 
in  this  respect  quite  matenally. 

AMOUNT  OP  LIME  APPLIED. 

The  quantities  applied  vary  from  8  to  .'>00  busliels  of  unslaked 
lime  per  acre,  an  enornnius  variation,  though  these  extremes  are  rare, 
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the  lowest  extreme  being  mentioned  as  occasional  in  Crawford  and  in 
Warren  counties,  where  lime  is  very  costly  and  very  infrequently 
used;  the  higher,  in  Greene  and  Fayette,  where  lime  and  coal  are  both 
abundant;  even  in  these  localities  the  application  of  such  large  quan- 
tities is  rare.  In  most  counties  the  (piantities  now  used  range  from 
50  to  100  bushels.  The  following  tabulation  shows  where  the  excep- 
tions to  this  rule  most  frequently  occur: 


Counties   reporting  the 
use  of  25  bus.  or  less. 


Adams, 

Bedford, 

Chester, 

Crawford, 

Dauphin, 

Luzerne, 

Lycoming, 

Monroe, 

Montgomery, 

Tioga, 

Warren. 


Counties  reporting  the 
use  of  no  more  than 
50  bus. 


Adams, 

Bucks, 

Cambria, 

Carbon, 

Chester, 

Elk, 

Forest, 

Lackawanna, 

Lebanon, 

Luzerne, 

Lycoming, 

Perry  (Eastern  part), 

Susquehanna, 

Tioga. 


Counties  reporting  the 
use  of  over  lOO  to 
200  bus. 


Counties  reporting 
the  use  of  over 
200  bus. 


Armstrong, 

Bedford,  ' 

Cameron, 

Fayette, 

Fulton, 

Huntingdon, 

Jefferson, 

Perry  (Northern  part), 

Snyder, 

Somerset. 


Clarion. 

Fayette, 

Greene, 

Venango, 

Westmoreland. 


MANNER   OF  APPLICATION. 

It  was  formerly  the  common  practice  to  draw  the  fresh  lime,  at  any 
convenient  season  when  the  soil  was  in  condition  to  be  least  injured 
by  trampling,  upon  the  field,  and  distribute  it  in  small  heaps  of  a  few 
bushels  measure;  it  was  then  allowed  to  stand,  often  for  a  long  time, 
until  the  convenience  of  the  farmer  led  him  to  spread  it.    The  merits 
claimed  for  this  system  were  that  it  allowed  the  greatest  latitude  of 
choice  for  times  of  hauling  and  spreading,  reduced  injury  from  tramp- 
ling of  the  soil  ,and  resulted  in  complete  slaking  before  spreading  and 
dispensed  with  any  necessity  for  reloading  the  lime,  which  is  neces- 
sary when  purchased  lime  is  slaked  in  large  heaps.  Notwithstand- 
ing these  claims,  the  practice  has  given  way  to  the  better,  but  less 
convenient  method,  of  spreading  as  hauled  or  of  slaking  in  large 
heaps,  reloading  and  spreading.    The  practice  still  remains,  however, 
in  some  widely  distributed  districts,  being  reported  as  the  usual  mode 
in  Armstrong.  Bucks.  Carbon,  Columbia,  Cumberland,  Dauphin,  Elk, 
Forest,  Franklin,  Lackawanna,  Lehigh,  Lycoming.  Mercer,  Snyder 
and  Union,  and  in  some  parts  of  Adams,  Berks,  Centre,  Juniata. 
Mifflin,  Somerset,  Westmoreland  and  York.    But  even  in  these  dis 
tricts  it  is  stated  that  great  care  is  taken  to  spread  the  lime  after  th(- 
fir.st  rain  or  as  soon  as  it  is  slaked,  instead  of  allowing  it  to  stand  in- 
definitely, as  was  the  too  frequent  practice  in  former  years. 

The  spreading  is  commonly  made  on  a  (piiet  day,  from  wagon  or 
heap,  by  means  of  a  shovel"  It  is  often  said  to  be  impossible  to 
evenly  distribute  any  amount  less  than  eighty  busliels  by  this  method, 
but  the  great  number  of  instances  in  which  fifty  bushels  or  less  are 
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applied  aud  the  very  infrequent  use  of  special  machinery  for  spread- 
ing, indicates  that  the  inconvenience  is  easily  overcome.  The  use 
of  special  lime  spreaders  is  not  mentioned  by  any  correspondent  and 
is  quite  uncommon.  Those  who  have  the  modern  manure  spreaders 
find  them  excellent  for  an  even  distribution  of  lime.  Correspond- 
ents from  Crawford  and  Fulton  counties  state  that  lime  is  frequently 
applied  in  those  localities  by  means  of  the  grain  drill;  where  the  lime 
has  been  well  screened,  this  method  of  applying  small  dressings 
strongly  commends  itself. 


THE  LIMESTONES  OF  PENNSYLVANIA. 


There  are  only  three  materials  that  are  largely  used  as  sources  of 
lime:  Sea  shells  of  various  sorts,  limestone  and,  in  England,  chalk, 
which  is  really  a  very  loose-grained,  slightly  coherent  limestone;  a 
fourth  material,  rarely  employed,  is  coral  rock. 

NATURE  OF  LIME. 

The  chief  constituent  of  all  these  materials  is  calcium  carbonate, 
more  commonly  spoken  of  as  "carbonate  of  lime."  This  substance, 
when  heated  to  a  rather  high  temperature,  gives  off  carbonic  acid  gas 
(carbon  dioxid),  and  there  remains  lime  (calcium  oxid),  often  called 
*'fresh  burned,"  or  "caustic"  lime,  to  distinguish  it  more  certainly. 
The  lime  remains  for  some  time  in  lump  form,  in  which  form  it  is 
called  "stone  lime."  If,  however,  water  is  poured  or  sprinkled  upon  it, 
or  if  it  be  immersed  in  water,  it  breaks  down  into  a  fine  powder  or 
into  a  paste  or  thin  fluid,  according  to  the  proportion  of  water  used; 
this  process  is  called  "slaking,"  and  really  consists  in  a  chemical 
union  of  water  and  the  calcium  oxid,  whereby  much  heat  is  liberated; 
the  substances  swell  and  sometimes  become  hot  enough  to  bubble 
violently  and  liberate  steam,  and  there  is  formed  a  new  compound 
known  as  "slaked  lime"  (calcium  hydrate).  If  stone  lime  be  exposed 
to  the  air,  it  slowly  takes  up  moisture  therefrom  and  falls  into  powder, 
containing  much  calcium  hydrate,  though  the  operation  proceeds 
so  slowly  that  the  heat  liberated  passes  off  gradually  and  never 
becomes  intense.  The  cah  inm  hydrate  is  quite  soluble  in  water, 
and  the  lime  water  so  often  prescribed  by  the  physician  is  nothing 
but  a  solution  of  calcium  hydrate.  A  ny  one  who  has  used  lime  water 
has  noted  that  the  clear  liquid  presently  forms  a  white  film  upon  its 
surface  and  a  white  deposit  on  the  sides  and  bottom  of  the  bottle 
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contaiuiug  it;  lliis  Him  and  deposit  are  composed  of  carbonate  of 
lime,for  the  hydrate  unites  very  readily  with  the  carbonic  acid  present 
in  the  air,  thus  returning  to  the  state  of  chemical  combination  in 
which  it  existed  before  being  subjected  to  "burning."  A  similar 
change  occurs  in  slaked  lime  exposed,  in  the  form  of  powder  or 
paste,  to  the  action  of  the  air,  and  in  "air-slaked"  lime— that  is, 
in  stone-lime  slaked  slowly  by  absorption  of  moisture  from  the  air- 
there  is  always  quite  a  large  amount  of  carbonate  of  lime.  Some  of 
these  changes  will  be  considered  more  fully  in  later  paragraphs. 

The  use  of  oyster-shell  lime  is  confined  to  a  few  sea-coast  localities. 
Inland  districts  must  rely  upon  the  extensive  deposits  of  limestone 
found  in  many  parts  of  our  country.  It  will  conduce  to  a  better 
understanding  of  some  questions  frequently  asked  concerning  the 
agricultural  uses  of  lime,  if  the  history  and  nature  of  limestone  be 
somewhat  carefully  considered. 

GEOLOGY  OP  LIMESTONE  FORMATION. 

When  the  globe  was  first  cooled  down,  the  lime  combined  chiefly, 
with  other  bases,  in  the  form  of  silicates,  such  as  feldspar,  amphibole 
or  pyroxene.  It  is  one  of  the  most  abundant  basic  materials  of 
the  globe,  aluminum  and  iron  alone  surpassing  it.  Prof.  F.  W. 
Clarke,*  Chief  Chemist  of  the  U.  S.  Geological  Survey,  estimates  that 
calcium  (the  metal  of  which  lime  is  the  oxygen  compound  and  which 
constitutes  71.4  per  cent,  of  lime)  makes  up  3.77  per  cent,  of  the 
crust  of  the  earth,  taken  to  a  depth  of  ten  miles,  74.5  per  cent,  of  the 
crust  being  made  of  oxygen  and  silicon.  The  primitive  cystalline 
rocks  of  which  the  crust  is  supposed  to  have  been  at  first  exclusively 
formed,  contain  from  1  to  15  per  cent,  of  lime. 

LIME  LIBERATED  FROM  ROCKS. 

These  rocks,  however,  under  the  action  of  atmospheric  agencies, 
and  especially  of  carbonic  acid  and  water,  gradually  weathered  or 
decomposed;  as  a  result  of  the  weathering,  the  lime  was  changed 
from  a  silicate  into  the  carbonate  or  acid  carbonate,  sulfate  and 
nitrate,  and  these,  in  turn,  were  dissoved  by  the  rain  and  carried  off  to 
the  ocean.  T.  Mellard  Eeadef  estimates  that  at  the  present  time  the 
rainfall  annually  removes  from  the  average  square  mile  of  the  earth's 
surface  the  following  quantities  of  the  more  common  mineral  con- 
stituents: 

Tons. 

Calcium  carbonate,   50 

Calcium  sulphate,   ^0 

Silica,   ' 

•Bulletin,  Fhilisophical  Society  of  Washington,  3,  142:  Wiley,  Agricultural  Analysis,  I.  23. 
tf/.  Merrill,  Recks.,  p. ^194. 
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Magnesium  carbonate,  

Ji'ou  oxid,  

Common  salt,  

Alkaline  carbonates  and  sulphates, 


Tons. 

4 
1 

8 


96 


LIME  IN  SEA  WATER. 

The  composition  of  the  sea  water  shows  quite  a  different  proportion 
among  its  several  constituents,  as  illustrated  by  an  analysis  by 
Thorpe  and  Morton*  of  the  waters  of  the  Irish  Sea  in  the  summer  of 
1870: 


One  thousand  parts  of  the  sea  water  contain— 


Parts. 


Sodium  chloric!  ('common  salt), 

Potassium  chlorid  

Magrnesium  chlorid,   

Magnesium  bromid  

Magnesium  sulfate  

Magnesium  carbonate,   

Magnesium  nitrate  

Calcium  sulfate  

Calcium  carbonate  

Lithium  chlorid,   , 

Ammonium  chlorid,   

Ferrous  carbonate  

Silica,   


2S.4391S 
0.74619 
3.150S3 
0.070.-)2 
2.0660S 

Traces. 
0.00207 
1.33158 
0.04754 

Traces. 
0.00044 
0.00503 

Traces. 

33.85946 


Estimating  the  corresponding  amounts  of  lime  (calcium  oxid)  in 
the  annual  loss  from  the  earth's  surface  as  found  by  Reade  and  in 
sea  water,  we  find  that  of  tlie  former  37.7  per  cent,  is  lime;  of  the 
latter,  only  1.7  per  ceiit.  In  other  words,  the  proportion  of  lime  in 
Bea  water  is  very  much  less.  One  cause  for  this  would  be  found  in 
the  removal  of  lime,  in  one  form  or  another,  from  solution.  Another 
fact  of  interest  is  that  while  in  the  material  removed  from  the  earth's 
crust  the  carbonate  of  lime  is  2. .5  times  as  abundant  as  the  sulfate; 
in  the  sea  water  the  latter  is  over  twenty-eight  times  as  abundant  as 
the  carbonate.  It  might  be  inferred  therefrom  that  the  carbonate 
had  been  removed  far  more  rapidly  that  the  sulfate. 

The  foregoing  analysis  of  sea  water  shows  it  to  contain  one  part 
of  carbonate  of  lime  in  20,000  parts  of  water.  Comey,  in  his  Dic- 
tionary of  Solubilities  (p.  82),  quotes  Irvine  and  Young  as  stating 
that  one  part  of  the  carbonate  is,  according  to  its  condition  and 
fineness,  dissolved  by  1,600  to  8.000  parts  of  sea  water,  whose  solvent 
action  for  this  substance  is  greater  than  that  of  pure  water.  It  is 
evident  that  the  lime  is  not  separated  or  i)recipitated  from  the  solu- 

*Chem    S'lc.  Journ.,  24,  506;  Roscoe  and  Schorlemmer,  Treatise,  I,  257. 
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tion  in  sea  water  by  any  method  known  to  the  hiboratoiy,  and 
Bischof*  .states  that  the  ocean  at  present  contains  seven  times  as 
much  carbonic  acid  as  is  necessary  to  retain  nil  I  lie  lime  in  solution, 
and  that  tor  its  deposition  upon  the  sea  bed  living  organisms  must, 
therefore,  intervene. 

CALCIUM  CARBONATE  SECRETED  BY  ANIMALS. 

As  a  matter  of  fact,  it  is  found  that  the  skeletons  or  shells  of  many 
of  the  lower  animals  living  in  the  sea  are  quite  largely  made  up  of 
carbonate  of  lime;  the  coral  polyps,  foraminifera,  brachiopods,  crus- 
taceans and  many  lamellibranchs  and  gasteropods  may  be  cited  as 
belonging  to  this  class.  Danaf  cites  some  analyses  by  S.  P.  Sharp- 
less  that  serve  to  show  how  largely  carbonate  of  lime  is  taken  up  by 
these  organisms. 


Madrepore 
coral. 
Per  cent. 

Oculina 
coral. 
Per  cent. 

Shell  of 
Terebratula, 
Per  cent. 

Oyster 
shell. 
Per  cent. 

97.19 
0.78 

95.37 
0.84 

98.39 
0.61 

93.90 
O.CO 
1.40 
0.30 
3.90 

2.81 

3.79 

1.00 

100.78 

100.00 

100. OO 

100. 00 

The  temperature  of  the  deep  sea  is  too  low  to  allow  these  forms  of 
life  to  flourish  there.  Murray,  in  reporting  the  results  of  the  deep-sea 
explorations  of  the  Challenger  E.i-peMtion,  states  that  the  ooze  from 
deep-sea  bottoms  is  of  a  reddish  color,  is  largely  composed  of  iron 
oxid  and  contains  little  lime;  if  the  rhizopods  (foraminifera)  and  other 
minute  organisms  And  a  fitting  home  near  the  surface  of  the  mid- 
ocean  their  skeletons  are  probably  dissolved  when,  after  the  death 
of  the  animal,  they  slowly  sink  toward  the  sea  bottom;  to  give  further 
probability  to  this  theory,  analyses  of  carefully  taken  samples  of 
water  from  the  lower  depths  of  the  deep  sea  exhibit  a  larger  propor- 
tion of  lime  than  is  found  in  the  surface  waters.  The  best  known 
lime-secreting  organisms  of  the  present  day  do  not  live  in  water 
deeper  than  100  fathoms,  nor  is  the  wave  action  at  great  depths 
sufficiently  strong  to  pulverize  the  shells,  coral,  etc.,  whose  debris 
deposited  as  ocean  slime,  later  becomes  the  solid  bed  of  limestone. 
As  somewhat  illustrating  these  differences  there  may  be  cited  certain 
analyses  by  Storert  of  two  series  of  deposits  from  the  sea  bottom, 
(1)  a  series  taken  by  Lieut.  Berryman,  U.  S.  Iv.,  off  the  coast  of 
Nova  Scotia,  near  the  northern  edges  of  the  Gulf  Stream,  at  depths 


*Cited  by  Eeid-  Portland  Cement,  etc.,  1S77,  p.  50. 
fManual  of  Geology,  p.  211. 

JEuUetin  o£  the  Bussey  Institution,  Harvard  University,  II,  21-3. 
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of  1,100  to  1,300  fathoms;  (2)  a  series  taken  by  Lieut.  Brooke,  U.  S.  N., 
iu  tlie  I'acifle  ocean,  between  California  and  China,  in  the  track  of 
the  E(iuatorial  and  North  raciftc  currents,  at  deptlis  of  000  to  3,000 
fathoms,  chietly  at  the  greater  deptlis: 


Silica  and  sand.   

Alumina  and  ferric  oxid 

Lime  

Magnesia  

Phosphoric  acid  

Potash,   


(2) 


60.6  to  74.8 

12.4  to  19.0 

1.4  to  2.7 

1.6  to  3.3 

0.3  to  2.0 

2.1  to  4.1 


If  further  evidence  is  necessary,  it  is  furnished  by  an  examination 
of  the  limestone  rocks  themselves.  In  many,  the  shell  forms  and 
coral  structure  are  distinctly  preserved;  under  the  microscope,  the 
oolitic  limestone  plainly  reveals  its  animal  origin,  while  the  chalk 
clitfs  of  southern  England  are  built  up  almost  wholly  of  the  skeletons 
of  foraminifera,  over  a  million  of  which  are  requisite  to  make  one 
cubic  inch  of  chalk.* 

DECOMPOSITION  OF  CALCIUM  SULFATE. 

One  other  fact  should  be  mentioned  in  accounting  for  the  tre- 
mendous deposits  of  limestone  that  mark  the  later  history  of  the 
earth's  crust,  namely,  that  the  lime  carried  to  the  sea  in  the  form  of 
carbonate  is  not  the  only  supply  from  which  these  great  formations 
were  built,  but  the  sulfate  also  contributed  in  an  important  measure. 
While  the  loss  from  the  earth's  surface  in  percolating  rain,  esti- 
mated by  Reade,  and  the  analysis  of  sea  water  by  Thorpe  and  Morton, 
do  not  warrant  too  close  comparison,  it  is  clear  that,  as  compared  with 
the  common  salt,  the  sea  water  contains  much  less  sulfate  of  lime 
than  the  waters  of  percolation.  While  this  compound,  as  it  occurs 
in  gypsum  or  land  plaster,  is  considered  to  be  one  of  the  less  readily 
destructible  compounds  known  to  man,  it  is  well  known  to  plant 
chemists,  that  the  crops  can  take  it  up  and  that  the  plant  stem,  at 
later  stages  of  growth,  is  sometimes  free  from  sulfates,  under  such 
conditions  that  the  destruction  of  these  salts  to  furnish  sulfur  for 
the  building  of  albuminoids  is  believed  to  be  established.  The  de- 
composition of  calcium  sulfates  to  form  the  sulfid  through  the  activity 
of  lower  plant  life  seems  also  to  be  well  established,  and  Olivier  and 
Etardf  claim  that  certain  algae  may  even  set  sulfur  itself  free  from 
sulfate  of  lime.    Bernard^  has  noted  the  liberation  of  sulfuretted 


*Stockbridge,  P.ocks  and  Soils,  1895,  pp.  35-G. 
tCited  by  Bernard:  Le  Calcaire,  1892,  p.  245. 
tLoc.  cit. 
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hydrogen  as  a  consequence  of  the  reduction  of  sulfate  of  lime  in 
springs  and  in  sea  water  when  abundance  of  organic  matter  was 
present.  Buchanan*  has  shown  that  the  mud  of  the  sea  bottom, 
which  is  being  continually  passed  through  the  alimentary  tracts  of 
marine  animals,  has  the  sulfate  of  lime  it  contains  reduced  under  this 
treatment,  to  calcium  sulJid,  the  same  from  that  results  from  the  re- 
ducing action  of  water  plants  to  which  reference  has  just  been  made. 

The  formation  of  calcium  sulfid  being  established,  it  remains  to  be 
noted  that  this  substance  when  dissolved  or  suspended  in  water  con- 
taining carbonic  acid,  is  quickly  decomposed  with  the  liberation  of 
sulfuretted  hydrogen  and  the  formation  of  carbonate  of  lime.f 
Deh^raint  states  that  sulflds  formed  in  soil  rich  in  humus  very  quickly 
undergo  similar  conversion  into  the  corresponding  carbonates. 

From  these  facts  it  is  clear  that  the  great  limestone  formations 
have  drawn  for  their  material  not  simply  upon  the  lime  brought  to 
the  sea  in  the  form  of  carbonate,  but  also  indirectly  upon  that 
brought  down  in  the  form  of  sulfate. 

QUANTITIES  OF  LIME  IN  PENNSYLVANIA  LIMESTONE  ROCKS. 

The  writer  estimates,  assuming  the  limestone  to  have  a  specific 
gravity  of  2.7  and  that  it  contains  roughly  an  average  of  80  per  cent, 
of  carbonate  of  lime,  that  the  Lower  Silurian  lime  formations  of 
Central  Pennsylvania,  which  are  about  5,000  feet,  or  nearly  a  mile, 
in  thickness,  contain  upwards  of  94,000,000  of  tons  of  calcium  car- 
bonate for  each  square  mile  of  these  strata.  While  the  mind  can 
not  conceive  of  such  enormous  quantities,  they  serve  to  impress  upon 
the  imagination  the  wonders  of  these  great  geologic  changes. 

LATER  CHANGES  IN  LIMESTONE. 

These  beds,  after  being  raised  above  the  surface  of  the  ocean  by 
some  of  those  frequent  changes  of  level  that  have  marked  the  history 
of  the  earth's  crust,  have  not  only  become  comparatively  dry  and 
solidified  but,  in  consequence  of  pressure,  heat  and  other  changes 
have  often  assumed  a  crystalline  character  such  as  is  exhibited  m 
the  pure  limestones  yielding  fine  marble.  Percolation  of  surface 
waters  through  beds  of  limestone  have  dissolved§  much  of  the  car- 
bonate of  lime  in  many  localities  and  strata,  leaving  the  more  easily 
attacked  rocks  greatly  honey-combed;  indeed,  the  great  caverns  of 

*Proi-.  Roy.  Soc,  Edinburgh,  1890-1.  cited  by  Merrill,  Rocks,  p.  204. 
tMalagiiti,  Lecons  de  chimie,  II.  p.  150. 
JTraite  de  ch'niie  agricole,  p.  547. 

§Note. -The  authorities  cited  by  Comey  (Dictionary  of  Solubilities,  p.  82)  indicate  that  one 
part  of  calcium  carbonate  requires,  according  to  its  condition  of  subdivision,  hardness,  etc.,  from 
10,1)01  to  100,000  parts  of  water  for  iis  solution.  If.  however,  the  water  be  saturated  with  car- 
bonic acid,  as  soil  water  often  is  in  part,  only  800  to  3,149  parts  are  required  to  dissolve  one  part 
of  the  caibonatc-,  the  acid  calcium  carbonate  being  thereby  formed. 
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the  limestone  regions,  sncli  as  the  Mammoth  Cave,  of  Kentucky, 
Luray  Caverns  of  Virginia,  and  the  interesting  Peun's  Cave,  of 
Central  Pennsylvania,  lune  l»('eii  forjned  by  this  dissolving,  ytercolat- 
ing  process. 

IMPURITIES  IN  LIMESTONES. 

The  history  of  the  limestone  formations  renders  it  also  apparent 
that  great  quantities  of  material  other  than  calcium  carbonate 
must  have  entered  into  their  comi)Osilioii.  The  sedimentary  lime- 
stones in  which  crystallization  does  not  appear,  are  colored,  not  white, 
and  often  contain  large  (|nantiti('S  of  mnd^  clay^  whose  deposition 
upon  the  shallow  sea  bottoms  fioui  the  down-wash  of  neighboring 
uplands  is  readily  understood,  aud  of  rnm  j:>yr'deH  (sulfid  of  iron). 
When  the  limestone  crystallized,  the  same  conditions  brought  about 
changes  in  the  accompanying  impurities,  and  Merrill*  mentions,  as 
accessory  to  crystalline  limestone  and  resulting  from  such  changes 
or  originally  pi'esent,  minerals  of  the  mica,  amphibole  and  pyroxene 
groups,  and  frequently  sphene,  tourmaline,  garnets,  vesuvianite, 
apatite,  pyrite,  graphite,  etc.  ,  '  i 

Owing  to  their  animal  origin,  the  presence  of  small  quantities  of 
carhoiMceous  matter  in  limestone  is  not  surprising.  The  dolomitic 
limestones  of  Cook  county,  111.,  contain  so  much  material  of  a  bitu- 
minous nature  that,  when  struck  by  hammer,  a  distinct  odor  like 
that  of  petroleum  is  evolved.  ^  . 

For  the  same  reason  the  jjresence  of  phosjyhorm  is  to  be  antici- 
pated and,  according  to  Merrill,!  the  quantity  of  phosphoric  acid  in 
limestone  often  exceeds  that  found  in  either  the  older  siliceous  rocks 
or  in  other  rocks  of  more  modern  formation.  He  gives  the  following 
ranges  foi-  I  lie  jicrccnliigc  of  ])hosphoric  acid  in  some  of  these  rocks: 

Per  cent. 

Granite,    0.07—  0.2.5 

Diorite,    O.IS—  LOG 

Kasalt   0.03—  1.18 

Limestone,    0.06—10.00 

Shale,    0.02—  0.25 

Sandstone,   0.00—  0.10 

The  higher  percentage  given  for  limestone  is  one  that  is  very  rarely 
obtained. 

The  colo7'  of  limestone,  marble  and  travertine  (onyx  marble)  may 
be  white,  yellow,  brown,  red,  green,  gray,  blue  or  even  black.  These 
colorations  are  sometimes  due  to  carbonaceous  matters,  sometimes 
to  metallic  oxids,  iron  oxids  especially,  and  sometimes  to  both.  In 
the  white  and  green  varieties,  according  to  investigations  of  Merrill, J 


♦Rocks,  p.  162. 
tRocks,    pp.  7-8. 
XCli.     clt,     p.  SSS. 
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the  iron  exists  as  carbonate,  in  tiie  yellow,  brown  and  red  forms,  as  a 
more  or  less  liydrated  sesquioxid  of  iron.  Bernard*  attributes  the 
blue  colors  of  limestone  chiefly  to  organic  matters,  having  found 
from  1.25  to  2.38  per  cent,  of  such  matters  in  the  blue  oolithic  lime 
stone  taken  from  the  bed  of  the  river  Marne,  in  France.  The  samc- 
iuvestigator  found,  in  a  clear  yellow  limestone,  in  addition  to  souk^ 
suspended  yellow  sesquioxid  of  iron,  to  which  its  color  was  due, 
a  large  quantity  of  ferrous  iron,  doubtless  present  in  the  form  of  car- 
bonate. The  changes  of  color  which  some  limestones  experience 
when  exposed  to  the  weather  are  chiefly  due  to  the  destruction  of  the 
organic  matter  and  to  oxidation  of  the  ferrous  carbonate  and  sulfids 
they  contain. 

The  flint  present  in  many  limestones  is  believed  to  be  derived 
chiefly  from  members  of  the  sponge  family,  which  contain  consider- 
able silica. 

MAGNESIAN  LIMESTONES. 

There  remains  for  brief  consideration  the  most  striking  and  diili- 
cultly  explicable  foreign  constituent  of  lime,  magnesium  carbonate, 
from  which  few  limestones  are  entirely  free,  and  which  is  often 
present  in  equal  molecular  proportion  with  calcium  carbonate, 
forming  the  mineral  dolomite;  this  contains  46.5  per  cent,  of  mag- 
nesium carbonate.  There  are  no  marine  organisms  now  in  existence 
whose  skeletons  contain  any  such  proportion  of  magnesium  carbon- 
ate. Danaf  cites  Damour  as  having  found  19  per  cent,  in  corals  of 
the  gums  M'dlejxjra^  and  Forchhammer  as  having  found  6.36  per  cent, 
in  Isis  noh'du,  and  2.1  per  cent,  in  the  precious  coral  of  the  Mediter- 
ranean. A  single  case  of  magnesian  fossil  ( Orthocerus)  is  mentioned 
by  Dr.  T.  Sterry  Huntt  as  containing  37.8  per  cent.;  it  was  found  in 
the  non-magnesian  Trenton  limestone  at  Bytown,  Canada.  Neither 
is  the  theory  satisfactory  that  the  calcium  carbonate  was  dissolved 
out  by  water,  leaving  behind  the  magnesium  carbonate,  whose  pro- 
portion was  thereby  increased;  no  known  sea-bed  formation  of  this 
day  contains  more  than  4  or  5  per  cent,  of  magnesium  carbonate;  in 
other  forms  than  dolomite,  the  magnesium  carbonate  is  more  soluble 
than  that  of  calcium  ;§  and  so  large  a  withdrawal  of  material  from 
the  bed  must,  it  is  believed,  result  in  dolomite  being  universally 
crumbled  or  porous;  whereas,  on  the  contrary,  it  is  usually  more 
compact  than  ordinary  limestone,  and  contains  fossils  of  unchanged 
form. 

The  more  commonly  accepted  theory  for  the  formation  of  lime- 
stones rich  in  magnesia  is  that  the  sea  water  has  given  up  magnesia 

*Le  Calcaire,  pp.  193-4. 
tManual  of  Geolog3^  p.  211. 
jJbi'rf,  p.  69. 

§Note.— Ccmey  (Diet.  Solubilities,  p.  S7)  cites  authorities  to  show  that  one  part  of  magnesium 
carbonate  requires  lor  solution  5,071  to  17,600  parts  of  pure  water,  and  from  2S  to  8,700  parts  of 
carbonated  water.    The  action  of  sea  water  is  not  stated. 
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in  exchange  for  lime  from  the  rock.  The  known  facts  do  not  make 
the  theory  entirely  satisfactory,  but  it  is  less  objectionable  than  the 
others  proposed. 

Dolomites  weather,  as  a  rule,  more  slowly  than  pure  limestones, 
though  there  are  exceptions  to  the  rule;  they  do  not  give  off  carbonic 
acid  with  effervescence  when  touched  with  cold  hydrochloric  or  acetic 
acid  as  pure  limestones  do,  and  their  density  is  greater,  the  specific 
gravity  of  dolomites  ranging  from  2.8  to  2.95,  while  that  of  pur<% 
compact  limestone  ranges  from  2.G  to  2.8,  though  both  are  heavier 
than  the  average  other  rocks  from  which  both  are  formed. 

LIMESTONE  FORMATIONS  OF  PENNSYLVANIA. 

It  has  been  remarked  in  an  earlier  paragraph  that  this  state  has  a 
great  variety  of  rock  materials.  J.  D.  Dana  (Manual  of  Geology,  3d 
ed.,  1879,  p.  375),  describes  the  sequence  of  exposed  geological  forma- 
tions in  Pennsylvania  as  follows,  beginning  with  the  lowermost  or 
oldest  that  has  been  certainly  identified: 

PALAEOZOIC  TIME. 

SILURIAN  AGE,  OR  AGE  OF  INVERTEBRATES: 

Lower  Silurian: 

Primordial  Period,  Potsdam  Epoch:  Sandstone  and  slates,  3,000 

to  4,000  ft.  thick. 
Canadian  Period,  CaJciferous  Epoch:  Calcareous  sandstone,  250 

ft. 

Qu(?}jec  imd  Ohazy  Epochs:  Magnesian  limestone,  with  some 
cherty  beds,  5,400  ft. 
Trenton  Period,  Trentou  Epoch:  Limestone,  with  blue  shale,  550 
ft. 

Utlca  Epoch:  Bituminous  shale,  400  ft. 

Oinchnmti  Epoch:  Blue  shale  and  slates,  with  some  thin  gray 
calcareous  sandstones,  1,200  ft. 

Upper  Silarian : 

Niagara  Period,  0)ielda  Epoch:  Gray  sandstone  and  conglom- 
erate, 700  ft. 

Medina  Ep)Och :  Ked  sandstone  and  shale,  1,050  ft.,  and  white 
sandstone,  with  olive  and  green  shales,  760  ft.;  total,  1,810  ft. 
Clinton  Epoch:   Shales  of  various  colors,  both  argillaceous 
and  calcareous,  with  some  limestones,  ferruginous  sand- 
stones and  iron-ore  beds,  2,f!00  ft. 
Nhujara  Epoch  :  Not  well  defined. 
'^k\smkY¥.^\OV>^  SaUferous  Epoch:  Vai-iegated  marls  and  shah'S, 
some  layers  of  argillaceous  limestone,  t,G50  ft. 
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Lower  Helderberg  Period:  Limestone,  thin-bedded,  with  much 
chert,  350  ft.;  encrinal  and  coralline  limestone,  250  ft.;  total, 
600  ft. 

Oriskany  Period,  Oriskamj  Ejpoch:  Calcareous  shales  and  cal- 
careous and  argillaceous  sandstone,  520  ft. 

DEVONIAN  AGE,  OR  AGE  OF  FISHES: 
CoRNiFEROUS    Period,    t'auda-galU  Epocli:  Silico-calcareous 

shales,  200  to  300  ft. 
Oor7iiferous  Epoch:  Massive  blue  limestone,  80  ft. 
Hamilton  Period,  Marcellus  Epoch:  Black  and  ash-colored  slate, 

with  some  argillaceous  limestones,  800  ft. 
IlaiiiUtoii  Epoch,:   Argillaceous  and  calcareous  shales  and 

sandstone,  1,100  ft. 
Genesee  Ejjoch:  Black  calcareous  slate,  700  ft. 
Chemung  Period,  Portage  Epoch:  Dark  gray,  flaggy  sandstones, 

with  some  blue  shale,  1,700  ft. 
Chemung  Ep>och  :  (iray,  red  and  olive  shales,  with  gray  and  red 

sandstones,  3,200  ft. 
Catskill Period:  Red  sandstone  and  shale,  with  some  conglom- 
erate, 6,000  ft. 

CARBONIFEROUS  AGE,  OR  AGE  OF  COAI: 
Sub-carboniferous  Period,  lower  Epoch:  Coarse,  gray  sand- 
stones and  siliceous  conglomerate  at  the  east,  becoming  fine 
sandstones  and  shales  at  the  west,  2,660  ft. 
Upper  Epoch:   Fine  red  sandstones  and  shales,  with  some 
limestone,  3,000  ft. 
Carboniferous  Period,  Millstone-  Grit  Epoch:  Siliceous  conglom- 
erate, coarse  sandstone  and  shale,  including  coal  beds,  1,100 
ft. 

Coal  measures,  2,000  to  3,000  ft.  . 

The  more  recent  explorations  of  the  Second  Greological  Survey  of 
the  State  add  to  the  formations  given  in  this  list.  In  the  first  place, 
of  the  rocks  of  the  Azoic  Age,  or  that  before  the  appearance  of  life 
on  the  globe,  there  is  an  exposed  thickness  of  15,000  feet  cut  by  the 
Schuylkill  River,  made  up  of  crystalline  silicates. 

At  the  other  extreme  of  the  geological  scale,  in  the  Mesozoic,  or 
Reptilian  Age,  the  Triassic  and  Cretaceous  Periods  are  distinctly  rep- 
resented, the  former  by  red  granitic  sandstone,  with  conglomerate, 
occasionally  impure  limestone  and  rarely  shale,  and  with  numerous 
ridges  and  dikes  of  trap  rock;  in  Bucks  county  the  maximum  thick- 
ness of  27,500  feet  is  reached.  The  Cretaceous  Period  is  rei)resented 
by  a  brick-clay  and  gravel  formation,  occupying  a  very  small  area 
on  the  Delaware  river,  just  below  Trenton;  it  is  a  continuation  of  the 
formation  so  distinctly  marked  in  New  Jersey  by  beds  of  green-sand 
marl. 
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lu  many  localities  the  thicker  limestone  strata  are,  of  course,  buried 
far  below  the  surface;  but  even  in  such  case,  the  deep  channel  of  a 
river  bed  or  valley  often  renders  them  accessible. 

The  geological  map  of  the  State  shows  that  the  Lower  Silurian 
limestones  form  the  surface  of  the  land  in  three,  more  or  less  broken 
belts  stretching  from  the  eastern  border,  in  a  southwesterly  direction, 
across  the  southeastern  portion  of  the  State.  The  first  belt  appears 
in  Bucks,  Montgomery,  Chester,  Lancaster,  York  and  Adams  coun- 
ties; the  second  in  Northampton,  Lehigh,  Berks,  Lebanon,  Dauphin, 
Cumberland  and  Franklin,  while  the  third,  much  broken,  appears  in 
the  numerous  parallel  curved  valleys  crossing  the  southern  central 
portion  of  the  State,  in  Fulton,  Bedford,  Perry,  Mifflin.  Juniata,  Blair, 
Centre,  Union, -Clinton  and  Lycoming  counties. 

The  Lower  Helderberg  limestone  formation  appears  exposed  on  the 
mountain  sides  in  very  narrow  and  thin  belts,  in  every  county  south 
of  Pike,  Luzerne,  Sullivan  and  Tioga  I  hat  lies  between  the  main 
range  of  the  Allegheny  mountains,  on  the  M'est,  and,  on  the  east, 
the  depression  crossing  the  State  from  Easton  to  Chambersburg. 

In  many  parts  of  western  Pennsylvania  limestones  of  the  coal 
measures  are  available. 

Eeplies  from  correspondents  show  that  in  the  northern  counti  s 
lime  is  little  used,  because  of  its  having  to  be  brought  in  from  other 
localities  at  great  cost,  as  in  case  of  the  small  (]uantities  reported  in 
use  in  Pike,  Wayne,  Tioga,  Cameron,  Elk,  Forest  and  Crawford 
counties;  in  the  western  counties  south  of  these,  except  in  Clearfield, 
for  which  no  report  was  received,  and  Beaver,  where  none  is  used, 
many  of  the  farmers  are  reported  as  burning  their  own  lime. 

Neither  time  nor  space  will  permit  in  this  paper  a  discussion  of  the 
various  strata  and  localities  from  which  limestone  may  be  obtained 
in  each  county  of  Ihe  State.  One  interested  in  that  question  should 
refer  to  the  reports  issued  for  the  county  by  the  Second  Geological 
Survey  of  Pennsylvania. 

As  will  be  made  more  fully  evident  in  the  later  discussion  of  the 
composition  of  limes,  some  knowledge  of  the  composition  of  a  lime- 
stone which  it  is  proposed  to  use  should  be  had  before  going  to  any 
considerable  expense  in  quarrying  and  burning  it. 

As  a  matter  of  more  interest  geologically  than  from  a  practical 
point  of  view,  it  may  be  stated  that  researches  by  the  Kentucky  Geo- 
logical Survey  indicate  the  older  limestones  to  be,  as  a  general  rule, 
richer  in  soda,  phosphoric  acid  and,  when  non-magnesian,  in  carbon- 
ate of  lime,  than  are  the  younger  or  more  recently  formed,  and  cor- 
respondingly poorer  in  silica  and  insoluble  silicates  (clay,  etc.). 
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ANALYSES  OF  PENNSYLVANIA  LIMESTONES. 

It  lias  been  thought  that  some  value  might  be  derived  from  a  com- 
pilation of  available  analyses  of  limestones  from  various  localities 
in  the  State.  Such  a  compilation,  chiefly  from  the  reports  of  the 
Second  Geological  Survey,  has  been  made  under  the  writer's  direction 
by  Mr.  C.  A.  Browne,  Jr.,  Assistant  Chemist  of  the  Pennsylvania 
State  College  Agricultural  Experiment  Station.  These  are  presented 
in  Appendix  B. 

VARIABILITY  OF  LIMESTONE  FROM  SAME  QUARRY. 

It  is  not  probable  that  the  analysis  of  any  single  specimen  of  lime- 
stone will  correctly  represent  the  entire  output  from  a  quarry.  The 
stone  varies  in  composition  through  the  same  stratum  or  bed;  but 
especially  are  differences  of  composition  observed  in  the  stone  from 
different  strata  in  the  same  quarry.  The  most  complete  study  of 
such  variations  known  to  the  author  is  that  made  by  Prof.  Peter  J. 
Lesley  and  Dr.  Andrew  S.  McCreath*  upon  the  composition  of  the 
stone  of  11.5  beds  exposed  in  the  Walton  (McCormick)  quarry,  opposite 
Harris-burg.  As  a  typical  example  of  the  resulls  obtained,  the  an- 
alyses of  rock  from  the  last  five  beds  (Nos.  111-1 15)  may  be  taken,  two 
samples,  one  from  each  end  of  the  sloping  bed.  liaving  been  analyzed 
in  each  stratum: 


Bed  No. 


Ill, 
112, 
113, 
114, 
115, 


Thickness 
of  bed. 
Ft.  In. 


5—6 
1—7 
5—6 
5—6 
14—6 


Calcium  cai-bonate. 


Lower 
sample. 


94.5 
54.4 
9S.1 
64.6 
95.1 


Upper 
sample. 


88.4 
54.4 
76.2 
55.4 
97.7 


Magnesium  carbon- 
ate. 


Lower 
sample. 


2.7 
35.2 

0.9 
26.2 

1.9 


Upper 
sample. 


36.2 
3.7 

33.8 
0.9 


Insoluble  matter. 


Lower 
sample. 


1.9 
8.4 
1.0 
8.5 
1.7 


Upper 
sample. 


2.6 
7.7 
18.2 
9.7 
1.4 


Among  the  beds  retaining  their  individuality  of  composition 
throughout  their  entire  exposure,  were  some  of  not  more  than  eight 
inc-hes  thickness. 

RANGE  OF  COMPOSITION. 

An  examination  of  the  compiled  analyses  shows  that  the  several 
important  constituents  range  in  proportion  from  a  faint  trace  to  the 
following  maximum  percentage: 

Per  cent. 

  80.95 

  10.07 


Insoluble  

Iron  and  aluminum  oxids. 


♦Report  of  the  Second  Geological  Survey  of  Pennsylvania, 
Report,  Vol.  I,  pn.  327-336. 
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Vol.  MM,  pp.  311-361,  and  Final 


CI 


Per  cent. 
99.30 
4G.00 
6.08 
1.82 


There  were  very  few  true  dolomites  among  these  samples.  Some 
of  them  contained  so  much  impurities  that  they  can  not  properly  be 
called  limestones,  but  should  be  termed  calcareous  shales,  sandstones, 
etc.  The  (quantity  of  phosphoric  acid  will  scarcely  average  as  high 
as  0.1  per  cent. 


Calcium  carbonate,  . . 
Magnesium  carbonate. 

Sulfuric  acid,  

Phosphoric  acid,  .... 


LIMES  AND  LIME  BURNING. 


Limestone  and  other  forms  of  calcium  carbonate,  it  has  been  re- 
marked in  an  earlier  paragraph,  lose  carbonic  acid  when  heated  and 
are  thereby  converted  into  calcium  oxid,  or  lime.  '  Upon  complete 
burning,  100  pounds  of  pure  calcium  carbonate  yield  56  pounds  )f 
lime. 

TEMPERATURE  OP  LIME-BURNING. 

To  effect  this  decomposition  a  high  temperature  is  required. 
Thorpe  and  Grove,  in  their  treatise  on  "Manufacturing  Chemistry," 
state  that  the  disengagement  of  carbonic  acid  first  begins  at  a  tem- 
perature of  752  degrees  Fahr.  (400  degrees'  C),  a  temperature  some- 
what above  the  highest  employed  in  a  baker's  oven,  but  that  this  dis- 
engagement does  not  go  on  fully  until  a  temperature  of  1,494  degrees 
Fahr.  (812  degrees  C.)  is  reached. 

The  conclusions  of  other  observers  differ  somewiiat  from  those  of 
Thorpe  and  Grove.  Thus,  Hans  A.  Frasch*  states  that  the  normal 
temperature  of  burning  is  850  degrees  C.  (1,562  degrees  Fahr.);  that 
pure  calcium  cfirbonate  heated  for  four  hours  at  615  degrees  to  675 
degrees  C.  (1,139  degrees  to  1,247  degrees  Fahr.),  lost  none  of  its  car- 
l)onic  acid;  for  three  hours  at  860  degrees  to  880  degrees  C.  (1,580 
degrees  to  1,616  degrees  Fahr.),  lost  less  than  10  per  cent.,  but  heated 
for  two  hours  at  850  degrees  C.  it  lost  all  its  carbonic  acid.  Heated 
very  intensely  the  pure  carbonate  fuses  and  the  escape  of  the  car- 
bonic acid  is  almost  entirely  prevented. 

As  to  the  effect  of  heating  upon  the  other  constituents  of  the  lime- 
stone, whatever  the  intermediate  reactions  may  be,  the  final  outcome 
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is  that  the  carbonates  of  magnesia  and  iron  give  off  their  carbonic 
acid,  and  remain  as  magnesia  and  ferric  oxid;  iron  pyrites  loses  its 
sulfur  and  is  likewise  oxidized;  all  organic  matter  is  driven  off  or 
destroyed,  and  water,  which  is  present  as  "quarry  w-ater"  to  the  extent 
of  0.3  to  5  per  cent.,  and  often  also  in  some  small  quantity  as  water 
of  combination  with  sulfate  of  lime,  and  hydrated  iron  and  aluminum 
oxids  is  expelled.  Sand  and  other  insoluble  impurities  are  assumed,  if 
the  stone  be  carefully  heated,  to  undergo  little  or  no  chan.<;e.  f'al- 
cium  sulfate  and  calcium  phosphate,  if  the  phosphoric  acid  present  is 
really  combined  with  calcium  rather  than  iron  or  aluminum,  ;irc 
supposed  to  undergo  no  change  in  their  final  state  of  combination, 
though  no  careful  investigation  of  this  point  is  known  to  the  writer. 

LOSSK?  DURING  BURNI'^:G. 

In  the  following  table  a  simple  examplr  of  the  loss  which  the  s^-v- 
eral  constituents  of  a  limeslone  undergo  in  a  perfect  burning  is  giv  n: 


On^-tituents. 


Water  (both  quarry  water  an<3  water  of  combination)  and  organic 
matter  

Satid,  cl.'iy,  phosphate  of  lime,  an  1  anhydrous  sulfate  of  lime,  and 
cxids  of  iron  and  aluminum  

Calcium  carhona'e  

Ma^n-^sium  ra-"bonate,   

Ferri.is  carbr.nate  


J2 


!  S 


a. 

o 

2  a; 

=  s 

O 

cti  O  fO 

S  c  S 
o  o  3 


3.00 

7.00 
70.00 
19.00 

1.00 

3.00 

7.00 
39.20 
9.05 
*.69 

tl3.75 
70.07 
16.18 

30.  SO 
9.95 
.38 

100  OO 

44.13 

55.94 

100.00 

*''!  its  cf  iivfnsion  to  ferric  oxid,  1  part  of  ferrous  carbonate  takes  up  .07  parts  of  oxygen  from 
the  air. 

'eluding  the  ferric  oxid  from  ferrous  carbonate. 

That  is,  there  remains  none  of  the  water  or  organic  matter,  all  the 
sand,  clay,  etc.,  besides  ferric  oxid  equivalent  to  69  per  cent,  of  the 
weight  of  the  ferrous  carbonate  in  the  limestone,  magnesia  equivalent 
to  47.63  per  cent,  of  the  magnesium  carbonate  and  lime  equivalent 
to  36  per  cent,  of  the  calcium  carbonate.  These  factors  may  be  ap- 
plied in  estimating  the  yield  of  lime  from  limestone  whose  composition 
is  known. 

YIELD  OF  LIME. 

Several  question  concerning  the  yield  of  lime  are  frequently  asked. 
1.  How  much  stone  is  required  to  yield  a  bushel  of  fresh-burned  lime? 
Taking  a  stone  of  the  composition  first  given,  and  the  standard  weight 
of  72  lbs.  for  the  weight  of  the  lime,  the  answer  would  bo  ™  of  the 
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lime  (72  lbs.),  or  128.G  lbs.  With  poorer  limes,  the  weiglit  required  is 
less.  2.  How  much  lime  will  a  percli  of  limestone  yield,  assuming 
proper  burning?  This,  evidently,  depends  upon  two  things;  first, 
the  density  of  the  stone  and  its  freedom  from  pores,  which  determine 
its  weight;  second,  its  composition,  by  which  the  loss  during  burning 
is  determined.  For  illustration,  take  the  two  very  simple  cases  of 
marble  and  of  dolomite,  which  are  each  supposed  to  contain,  as  the 
only  material  other  than  carbonate,  2  per  cent,  of  water  and  organic 
matter.  Fair  average  specific  gravities  for  these  subsfances  are,  for 
marble,  2.72;  for  dolomite,  2.9;  so  that  the  weight  of  a  cubic  foot  of 
water  being  G2..5  pounds,  the  weight  of  a  cubic  foot  of  these  rocks 
would  be  170  and  180.25  pounds,  respectively;  and  a  perch  of  the 
solid  material  (245  t;'"-  ft-)  would  weigh,  for  the  marble,  4,207.-5  lbs.; 
for  the  dolomite,  4,234.67  lbs.  .The  residue  from  burning  100  lbs. 
of  the  marble  would  be  56  per  cent,  of  98  lbs.  (the  amount  of  carbon- 
ate of  lime  present),  or  54.9  lbs.,  so  that  one  perch  would  yield  2,309.9 
lbs.,  or  321  standard  bushels  of  72  lbs.  each.  Each  100  lbs.  of  the 
dolomite  would  yield  51.8  per  cent,  of  98  lbs.,  or  50.8  lbs.  of  lime,  (lime 
and  magnesia,  more  correctly),  equivalent  to  a  yield  of  2,151  lbs.,  or 
29.9  standard  bushels,  for  each  perch  of  the  solid  stone. 

METHODS  OF  BURNING. 

Lime  is  burned  in  Pennsylvania  both  in  -'heaps,"  similar  to  those 
for  preparing  wood-charcoal,  and  in  kilns  of  various  types.  Either 
wood  or  coal,  or  in  some  cases,  both,  are  used  as  the  fuel.  The  coal 
used  is  usually  bituminous,  of  which  the  "slack,"  or  cheaper  grades 
are  often  employed. 

BURNING  IN  HEAPS. 

Burning  in  the  "heap"  is  practiced  in  Centre  county  about  as  fol- 
lows: A  convenient  oblong  piece  of  ground  is  cleared,  and  leveled 
if  need  be,  to  secure  a  fit  platform.  Upon  this  is  laid  a  layer  or  two 
of  good  cord-wood,  better  well  seasoned.  Between  the  chinks  in  the 
cord-wood,  shavings,  straw  or  other  light  kindling  is  placed.  The 
stone  having  been  reduced  to  the  size  of  a  double  fist,  sometimes  no! 
so  small,  is  laid  upon  the  cord-wood,  care  being  taken  to  leave  chinks 
between  the  stones  just  as  between  the  bricks  in  a  brick  kiln;^  it 
it  preferred  that  this  layer  of  stone  should  not  exceed  six  to  ten 
inches.  In  some  cases,  temporary  wooden  ilues,  filled  with  straw, 
are  erected,  either  one  at  the  center  or,  if  the  heap  is  oblong,  one 
near  each  end,  and  the  stone  and  coal  are  built  up  around  them; 
thus,  when  they  are  burned  out,  a  chimney  draught  or  two  is  secured, 
which  may  be  damped  by  pieces  of  stone  or  sod.  Upon  this  layer 
of  stonr  is  spread  a  layer  (tf  coal,  and  ujion  tliat  a  thicker  layer  of 
stone  (12  inches),  atid  so  on,  coal  aiul  slone  alternating  unlil  (he 
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oblong-  heap  is  topped  with  smaller  stone.  The  proportion  of  coal 
is  diminished  in  the  upper  layers,  the  effort  being  to  distribnte  one- 
half  of  the  total  coal  employed  in  the  two  lower  layers,  so  as  to 
secure  the  highest  economy  possible  in  this  use  of  the  fuel.  Fire 
is  then  kindled  in  the  straw  or  shavings;  when  the  flames  have  com- 
municated themselves  to  the  cord-wood  and  lowermost  layer  of  coal, 
and  tongues  of  flame  shoot  out  from  the  crevices  in  the  sides  of  the 
heap,  earth,  previously  loosed  by  a  few  turns  of  the  plow  about  the 
lieap,  is  rapidly  spread  over  the  entire  heap,  thus  damping  the 
draughts  and  retarding  the  combustion.  Fig.  1  represents  crudely 
this  arrangement  of  the  materials  in  the  heap.  Steam  and  smoke 
slowly  escape  during  tlie  first  hours,  but  later  the  entii'e  heap,  includ- 


.  Fig.  1. 

ing  the  outer  covering  of  earth,  is  heated  to  a  dull  red  glow.  The 
burning  goes  on  slowly  for  several  days,  the  interior  often  being  hot 
for  several  weeks.  When  the  lower  portion  of  the  heap  has  reached 
an  advanced  state  of  calcination,  a  portion  of  the  outer  layer  of  lime 
sometimes  slips  down;  if  so,  a  fresh  covering  of  eath  must  be  promptly 
applied  at  the  exposed  point;  otherwise,  it  will  serve  as  a  vent  for  the 
heat,  and  the  top  and  other  sides  will  fail  of  proper  calcination. 

In  other  localities  the  heap  is  covered  with  compact  earth  or  sod 
before  the  fire  is  kindled,  a  few  openings  being  left  at  the  top,  whereby 
the  steam  and  smoke  may  escape;  these  openings  are  stopped  as  soon 
as  the  smoke  has  disappeared.  Low*  states  that  in  England  a  com- 
pact wall  is  carefully  built  around  the  lower  portion  of  the  heap. 
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witb  proper  draught  holes,  and  that  the  top  is  covered  with  turf  or 
mud.  "Tills,"  he  says,  "is  an  expensive  method  of  burning,  from  the 
large  quantity  of  fuel  required;  hut  from  the  more  slow  and  gradual 
combustion,  the  lime  is  reckoned  superior  to  that  produced  by  other 
means."  The  quantity  of  fuel  used  in  Centre  county  is  roughtly  one 
ton  of  coal  for  each  100  bushels  of  lime,  though  a  heap  of  3,000 
bushels  is  sometimes  satisfactorily  burned  with  twenty  tons  of  coal; 
that  is,  the  ratio  of  coal  to  lime  ranges  from  1:3.5  to  1:5,  or,  esti- 
mating- on  the  basis  of  compact  limestone,  yielding  about  thirty 
bushels  of  lime  to  the  perch,  one  ton  of  coal  would  burn  from  three 
and  one-third  to  five  perches. 

Frasch*  expresses  the  fuel  requirement  in  other  terms,  viz:  as 
1.25  volumes  of  coal  slack  for  each  six  volumes  of  stone. 

KILN  BURNING. 

Of  kilns  there  is  a  great  variety  in  form  and  construction,  but 
they  may  be  grouped  as  belonging  to  one  of  three  types: 

A.  Intermittent  kilns,  which  require  the  complete  calcination  and 
removal  of  one  charge  before  another  can  be  introduced. 

B.  Perpetual  kilns,  from  which  the  earlier  calcined  portions  can 
be  removed  and  fresh  charges  introduced  while  the  burning  is  in 
progress.    Of  these  there  are  two  kinds : 

a.  Ordinary  draw-kilns,  in  which  the  fuel  and  stone  are  intro- 
duced in  alternate  layers. 

b.  Flame-kilns,  into  which  the  stone  is  introduced,  unmixed 
with  fuel. 

The  intermittent  Jciln  is  not  so  frequently  used  as  the  draw-  and 
tlame-kihis.  It  is  sometimes  employed  where  quite  small  quantities 
of  lime  are  to  be  prepared  with  the  use  of  wood  as  fuel.  In  such 
kilns,  a  dome  of  large  pieces  of  limestone  is  built  within  the  kiln,  the 
inner  walls  of  the  kiln  forming  the  abutment  upon  which  it  rests. 
During  the  forming  of  the  dome,  the  stone  is  supported  upon  false 
work.  Upon  this  dome  the  smaller  stone  is  placed  until  the  kiln  has 
filled.  Well-seasoned  short-length  wood  is  then  set  on  end  upon  the 
grate,  wi+h  which  such  kilns  should  be  supplied,  and  kindled.  The 
draught  must  be  carefully  regulated  to  ensure  a  gentle  heat  at  the 
outstart,  the  fire  being  gradually  increased  during  eight  hours;  other- 
wise, the  quarry  water  in  the  large  stone  will  be  too  suddenly  con- 
verted to  steam,  rending  them  and  possibly  causing  the  arch  to  give 
way.  The  mass  will  then  have  settled  about  one-sixth  and  a  crow-bar 
will  work  easily  in  it;  the  top  of  the  kiln  is  then  closed  to  confine  the 
heat  and  complete  the  calcination  of  the  upper  layers,  which  requires 
ten  to  twelve  hours  more.  With  such  kilns,  the  vertical  distribution 
of  heat  is  very  uneven;  hence,  the  kilns  are  made  of  rather  large 
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diameter  and  low,  so  that  the  bottom  lime  may  not  be  overburnt  and 
the  top  layers  left  "raw''  or  incompletely  calcined. 

Frasch*  states  that  in  such  kilns  from  t^vo  to  three  volumes  of  hard 
wood  are  required  for  each  volume  of  lime. 

The  Jlame  Av??;,  will  be  mentioned  next.    In  this  kiln  the  draw-arch 
is  situated  below  and  is  independent  of  the  tire-arch;  and  the  latter 
is  always  provided  with  a  grate  and  underlying  shallow  pit  from 
which  the  ashes  may  be  removed  as  necessary.    Because  of  these 
peculiarities  of  construction,  as  well  as  for  the  purpose  of  securing 
a  good  draught,  flame-kilns  are  usually  given  a  relatively  great  height. 
Also,  with  the  object  of  securing  a  more  even  tiring,  a  single  kiln 
usually  has  two  or  more  tire  arches  opening  into  it  from  different 
sides,  the  fuel  being  delivered  to  an  elevated  platform,  from  which 
it  is  shovefled  upon  the  grate  as  the  burner  thinks  necessary.  Many 
such  kilns  have,  instead  of  a  circular,  horizontal  cross  section,  one 
of  oval  form,  the  diameters  being  to  each  other  approximately  as  four 
to  six.    Just  about  the  level  of  the  tire  arches,  the  interior  of  the 
kiln  is  divided  by  a  vertical  wall,  the  top  of  which  is  narrowed  to 
a  sharp  ridge,  while  the  thickness  of  the  wall  increases  toward  its 
base  in  such  manner  that  the  interior  of  the  kiln  is  divided  into  two 
compartments  gradually  curving  out  toward  the  draw-arches.  AW 
openings  into  the  kiln  are  provided  with  doors,  permitting  the  regula- 
tion of  the  draught.    It  is  claimed  for  these  (I)  that  they  keep  the 
lime  free  from  impurities  introduced  in  the  fuel;  (2)  that  the  stone  is 
more  evenly  burned;  (3)  that  they  are  more  convenient  in  working; 
(4)  and  that  they  are  by  far  the  most  economical  in  their  fuel  require- 
ments.   The  kiln  should  have  such  capacity  as  to  hold  from  1.75  to  2 
times  the  amount  of  stone  required  for  the  daily  yield  of  lime  desired ; 
the  material  is  subject  to  the  heat  for  twenty-four  to  forty-eight  hours, 
and  the  lime  is  drawn  every  six  to  eight  hours  as  the  capacity  of  the 
"thimble,"  or  receptacle  for  the  burnt  lime  in  the  lower  portion  of  the 
kiln,  may  make  needful.    The  saving  in  fuel,  at  least  when  wood  is 
used,  is  claimed  to  be  at  least  three-sevenths  of  that  required  by 
intermitrent  kilns  of  the  same  output.    Various  manufacturers  esti- 
mate that  one  cord  of  wood  will  burn  from  60  to  110  bushels  of  lime, 
according  to  the  quality  of  the  fuel  and  stone  and  the  conditions  of 
burning.    Frasch  estimates  that  in  the  flame-kiln  thirty-six  to  forty 
pounds  of  hard  wood  is  retjuired  for  each  cubic  foot  of  lime  produced, 
and  that  in  the  Hoffman  type  of  kiln,  tive  pounds  of  coal  slack  is  suf- 
ficient for  this  volume  of  lime. 

The  flame-kiln  is,  for  the  production  of  lime  of  a  very  pure,  even 
quality  and  for  economy  of  fuel,  which  reaches  its  highest  importance 
in  large  operations  carried  on  continuously,  to  he  preferred  to  any 
other  type  of  kiln. 
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The  ordinary  d/raw-l'iln  is,  however,  far  cheaper  in  construction, 
and  for  this  reason,  is  commonly  adopted  where  operations  are  not 
extensive  and  where  the  inclusion  of  some  ashes  from  the  intermixed 
fuel  is  not  highly  injuiious  to  the  use  for  which  the  lime  is  intended. 
There  are  many  differences  in  the  detail  of  construction  of  such  kilns. 
The  writer  has  seen  in  Somerset  county,  in  a  locality  where  suitable 
building  stone  for  exterior  walls  is  not  r-eadily  obtainable,  kilns 
whose  outer  walls  and  draw-arch  are  constructed  simply  of  a  crib- 
work  of  rough,  notched  logs;  the  interior  walls  were  built  up  some- 
what in  the  form  of  a  peach  basket,  from  thin  sandstone  found  in  the 
neighborhood,  laid  flat  sides  horizontal;  between  this  inner  shell  and 
the  crib  work,  clay  was  carefully  tamped  in  forming  a  retaining  wall 
for  the  lining  of  the  kiln.    Figures  2  and  3,  after  Gilmore,  represent 


Pig.  3.  Fig.  2. 


A— The  body  of  tbe  kiln:  B— The  bosh;  C— The  draw-areh;  D— The  door;  K— Flue 

proposed  by  Shortlidge. 

cross-sections  of  two  common  forms  of  draw-kilns;  that  represented 
by  Fig.  3  being  most  frequently  adopted  in  Pennsylvania.  The 
outer  walls  are  commonly  built  of  limesone,  sometimes  of  brick; 
instead  of  being  vertical,  as  represented  in  the  cut,  it  is  preferred 
that  they  should  have  a  slight  batter.  Since  they  have  a  tendency 
to  crack  and  spread  near  the  top  after  the  kiln  is  heated,  it  is  best 
to  use,  to  strengthen  the  upper  walls,  several  sets  of  iron  tie-rods, 
crossing  from  side  to  side  in  the  space  between  the  inner  and  outer 
walls  of  the  kiln;  these  may  pass  through  horizontal,  stout  strips  of 
timber  on  the  outside  to  more  effectually  apply  their  retaining  force; 
the  rods  should  be  secured  at  the  ends  by  strong  nuts,  with  large 
washers.  The  inner  wall  should  be  built  of  the  best  fire-brick  if  the 
kiln  is  intended  for  hard  use;  sometimes  satifactory  substitutes  for 
fire-brick  are  found  in  sandstone  and  hard  clay-slate  found  in  th-.' 
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locality.  The  space  between  the  iuuei-  and  outer  walls  is  coniuionly 
filled  with  well-tamped  earth,  which  serves  as  a  good  retaining 
wall  and  as  an  excellent  non-conductor  of  heat.  It  is  often  con- 
venient to  examine  the  glowing  mass  in  the  middle  portions  of  the 
kiln  and,  in  case  it  clogs,  as  sometimes  happens,  to  be  able  to  stir 
it  down.  Both  advantages  are  secured  by  building  into  the  kiln 
several  two-inch  iron  tubes  that  pass  from  the  exterior  at  convenient 
points,  horizontally  through  the  inner  wall;  when  not  in  use  they  are 
closed  by  plugs,  or  caps;  they  admit  a  long  iron  rod  by  means  of  which 
the  clogged  lime  can  be  poked  and  worked  down.  The  opening  from 
the  interior  of  the  kiln  into  the  draw-arch  should  be  closed  by  a  door, 
so  that  the  amount  of  air  admitted  at  that  point  may  be  regulated. 

By  many  lime  burners  the  iron  shell  kiln  is  being  adopted.  This  is 
a  kiln  whose  body  is  formed  from  boiler  iron,  lined  with  fire-brick 
and  supported  upon  iron  pillars  or  upon  an  arch  of  masonry.  It 
may  either  be  simply  enclosed  within  a  wooden  building  or,  for 
better  prevention  of  loss  of  heat,  within  a  wall  of  masonry  suitably 
packed  with  broken  stone  or  earth. 

The  late  Col.  Wm.  Shortlidge,  of  McCalmont  &  Co.,  the  owners  of 
extensive  lime  kilns  at  Bellefonte,  Pa.,  a  lime  manufacturer  of  many 
years'  experience,  mentioned  to  the  writer  the  difficulty  of  regulating 
the  draught  so  as  to  secure  an  even  calcination,  as  one  of  the  most 
serious  objections  to  the  ordinary,  single  arch  draw-kiln.  As  a 
remedy,  he  proposed  that  a  ring  flue  be  constructed  with  its  air 
inlets  opening  from  the  sides  of  the  draw^-arch  and  discharging 
through  three  or  four  vertical  branches  ending  in  stout  iron  gratings, 
about  9  inches  by  12  inches,  set  at  the  same  height  in  the  sloping  walls 
of  the  bosh  of  the  kiln,  so'  as  to  introduce  air  more  uniformly  to  differ- 
ent parts  of  the  kiln.  He  had  already  tried  a  modification  of  the  old 
form  of  kiln  in  which  this  feature  had  been  imperfectly  introduced, 
and  found  it  to  result  beneficially.  The  location  of  this  flue  with  on>- 
of  its  branches  is  dotted  into  the  vertical  section.  Fig.  3.  at  E.  It 
would  be  desirable,  the  writer  would  suggest,  to  provide  passages, 
closed  with  suitable  doors  let  into  the  sides  of  the  kiln,  constructed 
at  right  angles  to  the  axis  of  the  draw-arch,  for  the  annular  flue 
will,  in  time,  be  stopped  by  the  fine  material  that  passes  through 
the  gratings  and  this  dust  must  be  removed  to  keep  the  draught  in 
proper  regulation. 

The  location  of  the  kiln  also  has  much  to  do  with  the  draught.  If 
the  latter  be  poor,  the  burning  is  expensively  slow.  It  is  well  known 
in  regard  to  chimneys  that  if  their  tops  be  lower  than  the  roof  of 
the  house  or  than  the  leafy  tops  of  neighboring  trees  and  the  wind 
pass  over  the  roof  or  tree  top  toward  the  chimney,  a  down-flow  of 
air  pours  upon  it  and  effectually  checks  the  upward  passage  of  the 
heated  air  from  the  cap  or  top.    A  similar  checking  of  the  draught 
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ufcms  ill  kilns  sitiuiltMl  in  like  inaiiiK'r  with  refercuce  to  a  steeply 
sloping  hillside.  On  the  contrary,  if  the  draw-arch  face  the  prevail^ 
ing  wind  and  be  provided  with  no  regulating  door,  over-burning  often 
occurs  because  of  the  occurrence  of  too  tierce  a  draught. 

'So  important  are  the  points  of  regulation  of  draught,  fuel  pro- 
portion and  quality  of  stone  and  coal  to  which  a  skilful  burner  closely 
attends,  that,  according  to  an  experienced  lime  manufacturer,  a 
flame-kiln  of  modern  construction,  with  body  of  oval  cross  section, 
44  feetxlH  feet,  and  a  height  of  22  feet  above  the  fire  arch,  which  will, 
under  most  favorable  conditions,  yield  500  bushels  of  lime  per  diem, 
yields,  in  actual  practice,  with  ordinary  average  stone  and  ordinary 
conditions,  only  200  to  2.50  bushels.  The  same  authority  states  that 
a  kiln  having  been  built,  it  is  common  experience  to  be  obliged  to 
materially  modify  arches,  door-ways,  etc.,  to  adapt  the  draught  quali- 
ties of  the  kiln  to  the  particular  movements  of  wind  currents  in  the 
locality  of  this  single  kiln. 

The  variation  in  the  quantity  of  coal  reciuired  in  this  type  of  kiln 
ranges,  according  to  computations  based  upon  data  given  by  Gil- 
more,*  from  one  part  to  2.25  to  7.2  parts  of  the  burnt  lime.  Frasch** 
states  that  for  three  volumes  of  the  stone,  one  volume  of  soft  coal, 
one  and  one-half  volumes  of  coke  or  three  to  four  volumes  of  lignite  is 
required.  Magnesian  limesf  and  cements  require  somewhat  smaller 
proportions  of  fuel.  Gilmoret  states  that  3,500  lbs.  of  anthracite 
coal  is  sufficient  for  100  barrels  of  cement  of  300  lbs.  each,  which  is  a 
ratio  of  one  part  coal  to  8.6  parts  calcined  cement.  The  coal  should 
be  of  a  low  ash  content,  if  possible,  to  diminish  the  danger  of  "clink- 
ering." 

The  best  calcination  occurs  when  the  stone  is  broken  into  rather 
small  pieces;  this  is  especially  true  in  burning  impure  limestones, 
which  should  be  broken  to  less  than  six  inches  in  diameter. 

Tn  the  operation  of  the  ordinary  draw-kiln,  kindling  is  placed  upon 
the  grate, §  covered  with  coal  followed  by  stone,  coal  and  stone 
alternating  to  the  top  of  the  kiln,  which  is  often  surmounted  by  a 
wooden  crib  by  which  its  capacity  is  increased  and  the  heat  more 
fully  utilized.  In  tilling  the  kiln  before  the  burning  has  begun,  the 
lower  coal  layers  are  made  unusually  thick  in  proportion  to  those  of 
stone,  for  reasons  already  suggested  in  discussing  the  burning  in 
heaps;  later,  the  normal  proportions  are  maintained.  Others  prefer 
to  fill  the  kiln  one-half  to  two-thirds  with  raw  stone,  then  adding  a 
layer  of  fuel  and  subsequent  layers  of  stone  and  fuel  as  in  the  charg- 
ing during  the  burning;  the  fuel  layer  is  in  such  case  connected  with 

**I,oc.  Ht.,  On  Limes,  Hydraulic  Cements  and  Mortars,  1864,  p.  141. 
tRoscoft  and  Schorlenimer.  Treatise  on  Chemistry,  II,  Part  1,  p.  190. 
top.  cit.  p.  127. 

§Many  draw-kilns  have  the.  lower  wall  of  the  bosh  terminate,  as  it  approaches  the  d'Kir  into 
the  draw-arch,  in  a  grating,  below  which  is  a  shallow  pit. 
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a  core  of  kindling  nnining  from  the  draw-arch.  The  object  of  this 
arrangement  is  to  secure  a  more  uniform  management  of  the  heat; 
if,  however,  the  coal  layer  is  not  ignited  from  the  kindling,  the  ex- 
pense of  discharging  and  recharging  the  kiln  is  considerable. 

STAGES  OF  BURNING. 

According  to  H.  Reid*  there  are  two  distinct  stages  in  the  burning 
of  stone;  the  first,  during  which  water  is  expelled  and  organic  matter 
is  destroyed;  until  this  is  completed,  the  indication  being  the  disap- 
pearance of  vapor  readily  recognized  by  the  expert  eye,  the  applica- 
tion, of  high  heat  is  wasteful;  the  second  stage  is  that  of  "decarbona- 
tation,"  and  is  completed  when  all  the  carbonic  acid  that  can  be 
profitably  removed  has  been  dispelled,  which  is  accomplished  at  about 
the  temperature  of  bright  redness. 

It  is  difficult  to  expel  the  last  portions  of  carbonic  acid.  The  stone 
burns  more  rapidly  if  it  is  somewliat  moist.  Many  lime  burners  have 
been  in  the  habit  of  using  moist  wood  or  of  watering  the  stone  Avith  the 
object  of  developing  steam  to  promote  the  expulsion  of  earbonie 
acid. 

Frasch  observes  that  fresh-quarried  stone  burns  more  perfectly 
than  that  which  has  been  long  exposed  to  the  air  and  recommends 
periodic  injections  of  steam  or  air.  But  Mahanf  regards  the  practice 
as  disadvantageous  because  of  the  increased  fuel  requirement. 

BURNING  IMPURE  LIMESTONE. 

Impure  limestones  are  especially  diftlcult  to  calcine  uniformly; 
those  containing  sand  often  vitrify  at  a  temperature  not  much  above 
dull  red  heat,  and  the  hard,  glossy  lumps  left  ou  cooling  are  not  only 
of  no  use  to  the  builder  or  farmer,  but  increase  the  diflflculty  of  hand- 
ling the  other  material. 

When  very  impure  clayey  limestones  are  burned,  the  linu'  unites 
with  the  clay,  which,  as  it  occurs  in  the  limestone,  is  insoluble  iu 
acids,  and  forms  by  union  with  it  silicates  that  are  completely  dis- 
solved by  acids.  Intimate  mixtures  of  pure  limestone  and  certain 
clays,  when  burned  together,  form  similar  silicates.  The  practice  of 
clay-burning  followed,  a  few  decades  ago,  in  many  parts  of  England 
and  Germany  as  a  means  of  improving  the  soil,  is  believed  to  have 
owed  its  value  to  the  formation  in  the  burnt  clay  of  similar  silicates; 
clay  deficient  in  lime,  was  not  benefitted  by  burning. 

TIME  OF  BURNING. 

The  length  of  time  required  for  ignition  in  the  draw-kiln  is  less 
than  in  the  intermittent  kiln.    The  lime  will  be  partially  drawn 


♦Portland  Cement,  p.  243. 
tCivil  Engineering,  p.  25  xeq. 
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every  few  hoius  «<>  far  as  the  buniei'  liiids  it  to  have  been  satisfac- 
torily calcined;  no  absolute  time  rule  can  be  laid  down. 

According  to  Frasch  a  kiln  of  1,200  to  1,400  cubic  feet  capacity 
will  turn  out  700  to  900  cubic  feet  per  day  of  twenty-four  hours,  if 
ten  to  twelve  charges  be  drawn  during  that  period.  The  lime  expandr^ 
in  volume  from  20  to  25  per  cent,  during  the  burning,  but  retains  the 
shape  of  the  original  stone.  Pure  lime  should  be  burned  rapidly,  as 
it  slakes  better  in  such  case,  but  if  incompletely  calcined  it  forms  a 
basic  lime  carbonate  and  is  "dead."  or  incapable  of  slaking.  Com- 
pact limestone  cannot  be  so  rapidly  calcined  as  the  porous  varieties, 
but  yields  a  better  lime. 

As  the  lime  is  drawn,  the  major  portion  of  the  coal  ashes  can  be 
thrown  to  one  side,  but  some  will  remain  admixed  with  the  lime. 

WEIGHT  OF  LIMB. 

The  weight  of  a  bushel  of  lime  is  much  more  variable  than  is 
commonly  supposed.  Lloyd*  says  "A  ton  of  lime  equals  about  27 
bushels;"'  tliat  is,  a  bushel  weight  is  75  lbs.  Bobertsf  also  says, 
briefly,  "75  lbs.  of  stone  lime  are  sold  for  a  bushel  at  the  kilns  at  Union 
Springs,  N.  Y.'' 

Cookt  states  that  a  bushel  of  good  stone  lime,  unslaked,  weighs 
93  lbs.;  of  oyster-shell  lime,  60  lbs.;  of  magnesian  stone  lime,  80  lbs. 
Legal  weights  for  a  bushel  of  unslaked  lime  have  been  established  by 
several  states  as  follows:  In  Ohio  and  Michigan,  70  lbs.;  in  Virginia. 
Georgia,  Illinois,  Iowa.  Kansas,  Nebraska  and  Colorado,  80  lbs.§.  In 
Pennsylvania,  tlie  more  commonly  accepted  bushel  weight  is  72  lbs. 

In  view  of  the  range  of  these  figures,  it  was  thought  of  interest  to 
in(|iiire  somewhat  more  i)articular-ly  rcspecimg  tlic  accni  afe  weight  of 
a  struck  busJii-l  of  I  he  fresh-burnt  limes  sold  in  the  i^tate.  The  replies 
received  from  a  niiiiiber  of  lime  burners  and  dealers  are  tabulated  in 
the  second  ci)lumn  of  the  following  table: 


TABLE  I.— Weight  of  a  Bushel  of  Lime.    (Struck  Bushel;  in  Pounds.) 


Fresh- 

Quarry. 

turned. 

Slaked. 

Remarks. 

Berlts  county: 

1.  Near  Bechtelsville,  on  Colebrook- 

dale  R.  R., 

Solid,  blue  stone;  54  c.  1.,  44,  c.  m. 

M.  G.  Oberholtzer.  Prop'r,   

82 

2.  West  branch  of  Maiden  Creek, 

near  Calcium, 

J.  S.  Pearson  &  Co.,  Prop'r  

78 

40 

Stone  never  analyzed. 

3.  Near  Host,  Tulpehocken  Twp., 

Stone  never  analyzed,    burns  to  3 

Jacob  Shaffner,  Prop'r  

78 

40 

fine,  white  lime  fit  for  building. 

•Science  of  Agriculture,  p.  119. 
tFertility  of  the  t^and,  p.  305. 

IReport  of  the  New  Jersey  State  Agricultural  Experiment  Station,  1881,  p.  31. 
tCf.  Report.  U.  S.  Dept.  Agriculture  1880,  p.  227. 
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TABLE  I.— Continued. 


Quarry. 


Fresh- 
burned. 


Blair  county: 

4.  Near  Union  Furnace,    on  main 
line  P.  R.  R., 
Keystone  Lime  and   Stone  Co., 

Tyrone  

0.  Stanfield  'Station,  Hollidaysburg 
and  Martinsburg  Brancli,  P. 
R.  R., 

John    Manning,  Hollidaysburg, 
Prop'r,   

6.  Franlcstown,  on  P.  R.  R., 

J.  King  McLanahan,  .Jr.,  HoUi- 
daysburg,  Prop'r  

Chester  county: 

7.  Near  Avondale,   Phila.  &  Balto. 

Central  R.  R., 
Avondale  Lime  and  Stone  Co., 
Prop'rs  


Franklin  county: 

8.  Near  Williamson,    on   S.  Penn. 

R.  R., 

Isaac  Lesher,  Prop'r  

Lancaster  county: 

9.  At  QuarryvlUe, 

I.  Galen  Lefevre,  Prop'r,   

Lebanon  county: 

10.  One-half  mile  from  Annville, 
Jno.  A.  Bachman,  Prop'r  

Lehigh  county: 

11.  At  Fogelsville, 

A.  W.  Held,  Prop'r  

12.  Near  Egypt, 

E.  D.  Boyer,  Catasauqua,  Prop'r, 


Lycoming  county: 

13.  On  Pine  Creek,  near  Beech  Creek 

R.  R., 

J.  Sebring,  Jersey  Shore,  Prop'r, 

Monroe  county: 

14.  Boshardsville, 

Jno.  P.  Carmer,  Prop'r  

15.  Boshardsville, 

Peter  M,  Heller,  Porp'r  

16.  Stormville, 

Allen  Metzger,  Prop'r  

Montgomery  county: 

17.  Whitfir.arsh  and  Plymouth  Twps.. 
G.    W.    H.    Corson,  Plymouth 

Meeting.  Prop'r  

IS.  Port  Kennedy. 

Todd  &  Son,  Prop'rs  

Northampton  county: 

19.  11/2  miles  South  of  Nazareth, 
Ed'w.  Fehnel,  Prop'r  

York  county: 

20.  Hendrix    Station,    Western  Md. 

R.  R., 

Bittinger    &    Eberly,  Hanover, 
Prop'rs  

Sussex  Co..  New  Jersey: 

21.  Montague, 

Geo.  M.  Cole,  Prop'r  

East  Canaan,  Conn. : 

22.  Canfield    Bros.,    Prop'rs:    D.  T. 

Gates.  Agt.,  Mansfield,  Tioga 
Co.,  Pa.,   


SO 


Slaked. 


Remarks. 


50    Slaked    weight    is    for  dry-slaked 
lime;  analysis:  c.  1.,  96;  c.  m.,  2 
I     per  cent. 


I?0    Slaked  weight  is  air-slaked;  analy- 
sis, 98  per  cent.  c.  1. 


35 


60 


Analysis,   94  per  cent.  c.  1. 
cent.  c.  m. 


Stone  varies  from  a  pure  c.  1.  (fish 
egg)  to  a  mica  schist ;  stone  burned 
has  some  magnesia,  as  it  is  the 
only  kind  in  this  quarry  that  'tt'ill 
stay  in  lump  during  burnins. 
Average  composition,  70-80  c.  1. ; 
15-25  c.  m. 


75-: 


r  a.  70-75  : 1 

(.  b.  75-80  i  J  36  or  less. 


soft-burned;  b.  hard-burned; 
slaked  lime  weifehs  half,  or  less 
than  half  as  much  as  stone  lime. 


100 
68-70 


SO 


65 


SO 


100 


Analysis  shows  90  per  cent.  c.  1. 

Analysis  shows  92  per  cent.   c.  1., 
1  per  cent.  c.  m. ;  adjoins  cement 
rock  deposits. 


50 


40 

...   Analysis,  94  per  cent.  c.  1.,  1.5  c.  m. 

. 

j 

i 

...   Screenings  only  sold  for  farm  use. 

. ..  Analysis,  .nS  c.  1.,  45  c.  m..  stone 
from  from  Chester  Valley  dolomite. 
Sell  screenings  only  for  farm  uwe; 
rest  for  building  purposes. 


50-60     Stone  is  a  slaty  nature. 


Analysis, 
cent.  c. 
potash. 


S3  per  cent.  c.  1..  S  per 
m.,  4  per  cent.,  carb.  of 


about  40 


The  lime  is  shipped   to  Penna.  In 
barrels. 
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The  wide  range  from  60  to  100  lbs.  per  bushel  is  thus  reported  for 
stoin>  limes,  the  average  for  the  twenty-three  sorts  being  76.2  lbs. 
Tlicre  is  no  clearly  distinguishal)le  relation  between  the  composition 
of  tlie  stone  and  the  weight  of  the  lime;  compare,  for  example,  Nos. 
1  and  18  and  Nos.  11  and  12,  so  that  the  porosity  of  the  original  stone 
is  clearly  the  most  influential  factor,  to  which  no  doubt  the  conditions 
of  burning  add  another  potent  influence. 

Thus,  Frasch  notes  that  a  given  volume  of  lime  from  a  draw-kiln 
weighed  55  lbs.,  but  the  same  volume  of  lime  produced  from  the  same 
stone  by  calcination  in  a  FToffman  flame-kiln  weighed  only  50  lbs. 

SLAKING  OF  LIME. 

The  general  phenomena  of  shiMng  and  its  chemical  nature  have 
already  been  mentioned.  Limes  exhibit,  according  to  the  composi- 
tion of  the  rocks  from  which  they  have  been  prepared  and  the  manner 
in  which  they  have  been  burned,  difierences  in  regard  to  slaking  so 
great  that  they  constitute  the  basis  of  the  most  commonly  accepted 
classification  of  limes  and  cements. 

GILMORE'S  CLASSIFICATION. 

Gihuore'"'  has  given  the  most  satisfactory  classification  for  our 
present  purposes.  He  divides  limes  and  cements  into  five  distinct 
classes,  as  follows: 

1.  Common,  or  fat,  limes:  Contain 'usually  less  than  10  per  cent, 
of  impui  ities.  In  slaking,  swells  to  two  to  three  and  one-half  times 
its  original  volume;  with  sufficient  water,  forms  a  homogenous  paste, 
\('iy  soluble  in  water;  the  paste  will  not  harden  under  water  or  under 
the  air  ]Mnii]i,  biil  on  standing  in  the  air,  whereby  calcium  carbonate 
and  crystals  of  calcium  hydrate  are  former.  The  paste  shrinks 
greatly  in  liaidcning;  licnce,  the  need  for  addition  of  sand  in  making 
nioitar. 

2.  I'dor,  or  incagrc,  limes:  Contain  10  to  25  per  cent,  of  impurities, 
sonielinu's  as  much  as  .'{!)  ])er  cent.  Slakes  sluggishly,  unevenly  and 
with  niurli  less  licat  and  swelling  than  fat  lime.  Paste  less  perfectly 
soluble.    Silica  is  present  chiefly  as  sand. 

;'>.  Hydraulicf  limes:  Seldom  contain  35  per  cent,  impurities. 
Slake,  but  with  little  disengagement  of  heat  or  vapor  and  swelling 
rarely  more  than  one-third  of  the  original  volume.  They  are  sub- 
divided as  follows: 

a.  Lime  slightly  hydraulic;  impurities,  10-20  per  cent.;  stiff 
paste,  hardens  under  water  in  fifteen  to  twenty  days. 


'0(1.  cif.,  p.  09  sff/. 

fBy  hiidraiil uit  1/  is  meant  the  property  of  setting  or  hardening  under  water. 
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b.  Hydraulic  limes;  iuipuiities,  17-24  per  oeiit.;  stiff  pask' 
hardens  under  water  in  six  to  eight  days. 

c.  Limes  eminently  hydraulic;  impurities,  20-35  per  cent.;  paste 
sets  under  water  in  one  to  four  days. 

The  swellinji'  of  these  sub-classes  is  tlif  less  as  they  are  more 
hj'draulic  in  property. 

4.  Hydraulic  cements;  impurities,  36-60  per  cent.;  do  not  slak.:' 
or  swell  with  w;iter;  some  set  in  one  to  four  minutes  at  65  degrees 
Fahr.,  others  in  as  many  hours. 

Intermediate  between  the  latter  are  certain  clayey  magnesian  lime- 
stones which  make  good  cements  when  underburnt,  but  when  com 
pletely  calcined,  yield  a  paste  that  sets  rapidly,  but  later  crack-^, 
softens  and  crumbles  under  water. 

5.  Natural  puzzuolonas,  chiefly  composed  of  silica  and  alumina, 
besides  other  bases,  but  not  more  than  10  per  cent,  of  calcium  carbon- 
ate; these  impart  hydraulicity  to  fat  lime  paste  even  without  calcina- 
tion, which  increases  the  quickness  of  setting  but  not  the  strength  of 
the  resulting  cement. 

Concerning  hydraulic  cements:  It  is  generally  accepted  that  these 
materials  usually  owe  their  properties  to  certain  silicates  of  alumina, 
lime  and  other  bases.  These  silicates  may  be  formed  by  the  action 
of  moist  lime  upon  natural  puzzuolanas  (clays  of  volcanic  origin)  or 
upon  burnt  clay  of  other  origin,  or  they  may  be  formed  when  clayey 
limestones  are  calcined.  In  the  last  case,  it  is  not  simi)ly  the  amounr 
of  clay,  but  also  the  uniform  distribution  through  the  stone  tliat 
affects  the  quality  of  the  cement.  The  action  of  setting  in  a  cement 
is  considered  to  be  similar  to  that  in  plaster  of  Paris.  Gypsum, 
the  crystalline  sulfate  of  lime,  contains,  combined  in  the  crytal, 
nearly  21  per  cent,  of  water;  in  prejiaring  plaster  of  Paris,  the  gy])sum 
is  roasted,  or  "boiled,"  as  it  is  technically  termed,  to  remove  ^liis 
water;  in  this  process,  the  crystals  fall  to  pieces,  forming  a  dry, 
white  powder.  When  tliis  powder  is  mixed  with  a  proper  proportion 
of  water,  the  latter  is  taken  up  by  the  plaster  of  Paris  and  crystals 
are  again  foi-med  in  a  short  time;  the  soft  ])aste  has  "set,"  or  hard- 
ened. It  is  owing  to  the  fact  that  the  volume  of  the  paste  is  not 
materially  changed  in  the  setting  that  plaster  of  Paris  itj  so  largely 
used  in  making  casts  or  impressions. 

Now,  in  like  manner,  it  is  believed,  the  anhydrous  silicates  formed 
in  the  cement  take  up,  when  moistened,  the  watt-r  necessary  to  crystal 
formation  and  "set,"  and  since  the  crystals  tlius  formed  are  little 
dissolved  by  water,  the  cements  nuiy  be  used  in  constructions  that  arc 
exposed  to  the  action  of  water. 

MAGNESIAN  LIMES  HYDRAULIC. 

Examination  by  Vicat  and  Rogers*  show  that  in  limestones  in 
which  the  carbonate  of  lime  is  substituted  by  25  per  cent,  or  upwards 


•Cf.  Mahan,  Civil  Engineering,  PP.  Zl-23. 
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of  magnesium  carbonate  (nearly  corresponding  to  12  per  cent,  of 
magnesia),  distinct  liydraiilicity  may  appear  in  the  presence  of  no 
more  tlian  5  per  cent,  of  im[H]i-iti('S,  including  only  3.6  per  cent,  of 
silica  and  alumina.  The  conditions  of  hydiaulicity  in  limes  derived 
from  such  stone  are  not  well  understood.  Frascli  states  that  the 
presence  of  only  10  per  cent,  of  magnesia  in  the  stone  leads  to  the 
formation  of  a  lime  that  is  giay  and  short,  or  of  very  imperfect 
slaking  quality,  and  that  the  presence  of  25  to  .30  per  cent,  renders  the 
lime  entirely  unfit  for  burning.  , 

CHEMISTRY  OF  SLAKING. 

The  slaking  of  lime  requires  consideration  in  this  connection.  It 
has  already  been  explained  that  the  chemical  change  that  occurs  in 
this  process  is  essentially  a  conversion  of  the  calcium  oxid  to  cal- 
cium hydrate  hy  the  chemical  union  with  water;  56  pounds  of  the 
dry  oxid  unite  with  18  pounds  of  water  to  form  74  pounds  of  dry 
hydrate.  Unlike  the  change  that  occurs  when  plaster  of  Paris  or 
li^'draulic  cement  sets,  there  is,  in  this  case,  a  great  development  of 
heat,  sufficient  in  some  cases  to  boil  water  and,  it  appears  in  some 
cases,  where  the  heat  is  prevented  from  rapid  escape,  that  the  tem- 
perature may  rise  to  the  point  at  which  wood  ignites.  Frasch  notes 
the  observation  of  a  temperature  of  150  degrees  0.  (302  degrees  Fahr.) 
in  slaking  lime  and  states  that  the  storage  of  burnt  lime  in  barrels  is? 
esi>ecially  conducive  to  the  outbreak  of  fire. 

Whether  by  the  formation  of  crystals  of  calcium  hydrate  or  by  the 
mere  expansive  action  of  the  steam  generated,  the  process  of  slaking 
pure  lime  is  attended  by  large  expansion.  Even  pure  lime  is  subject, 
however,  to  many  variations  in  the  products  of  slaking,  according  to 
the  conditions  under  which  the  process  is  pei'formed.  The  mortar- 
maker  and  the  })lasterer  are  obliged  to  paj'  serious  attention  to  these 
])oints.  In  this  connection  the  few  facts  of  chief  importance  in 
handling  limes  intended  for  agricultural  use  may  be  noted. 

Limes  that  have  advanced  in  slaking  sufficiently  to  have  become  hot 
and  ai"e  then  chilled  by  sudden  cooling,  as  by  stirring  or  by  the  addi- 
tion of  fresh  portions  of  cold  water,  will  not  fall  to  a  fine  powder  nor 
form  a  smooth  paste,  but  will,  in  considerable  proportion,  assume  a 
coarse  granular  form.  If,  however,  one-third  of  the  requisite  amount 
of  water  is  first  added,  and  then,  just  as  soon  as  the  lime  has  swelled 
to  the  utmost,  the  remainder  be  poured  on,  Frasch  claims  that  a 
superior  product  will  be  obtained.  The  use  at  one  time  of  more 
than  the  requisite  amount  of  water  also  results  in  the  formation 
of  granular  lime,  as  is  often  observed  in  the  drowning  process, 
commonly  employed  in  preparing  white-wash.  If  fresh-burned  lime 
is  piled  in  small  heaps  of  three  or  four  bushels  and  covered  with 
several  inches  of  fresh,  moist  soil  from  an  upturned  furrow  slice,  it 
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will  take  from  the  earth  all  the  water  needed  for  slaking  to  a  fine 
powder.  If,  however,  heaps  of  25  to  200  bushels  are  to  be  slaked, 
it  is  well,  after  covering  with  a  licavii'r  layer  of  moist  soil,  to  make 
small  openings  into  the  eeuter  of  I  Ik-  nijiss  by  use  of  a  crow-bar  and 
to  pour  in  water  through  these  openings.  The  steam  formed  will 
perfectly  slake  the  lime  in  all  parts  of  the  heap. 

WEIGHT  OF  SLAKED  LIME. 

Concerning  the  volume  occupied  by  water-slaked  lime,  Dr.  (Jeo.  ^T. 
Cook*  states  that  1  bushel  of  good  stone  lime  weighing  iJ3  lbs., 
slakes  to  nearily  3  bushels,  each  of  about  45  lbs.  weight;  that  a  bushel 
of  oyster-shell  lime  weighing  00  lbs.  forms  somewhat  over  2  bushels 
of  slaked  lime,  each  of  about  40  lbs.  weight,  and  that  L  bushel  of 
magnesian  lime,  weighing  80  lbs.,  yields  2  bushels  of  slaked  lime, 
each  of  40  lbs.  weight.  It  is  evident,  however,  that  the  conditions 
of  burning,  purity,  etc.,  of  the  lime  and  the  conditions  of  slaking  also 
greatly  modify  the  changes  in  volume  occurring  during  slaking. 
Thus,  Gen.  Tottenf  states,  as  the  result  of  many  trials  that  one  volume 
of  quick-lime  yields,  when  slaked  with  one-third  volume  of  water, 
2.27  volumes  of  powder;  with  two-thirds  volume  of  water,  1.74 
volumes  powder;  with  three-fourths  volume  of  water,  1.81  volumes 
of  powder;  and  with  an  equal  volume  of  water,  2.06  volumes  of 
powder. 

■  AIR-SLAKING. 

There  is  another  process  of  slaking  to  which  attention  must,  in  this 
connection,  be  especially  directed,  that  of  air  slaching.  When  caustic 
lime  is  exposed  in  lump  to  the  action  of  the  air  it  gradually  slakes 
and  falls  to  powder  as  a  result  of  the  absor])tion  of  moisture  from 
the  atmosphei-e.  At  the  same  time  with  the  absorption  of  moisture, 
carbonic  acid  is  also  taken  \\\)  and  moi'e  or  less  of  the  lime  returns  to 
its  former  state  of  combination  as  carbonate,  though  now  in  a  finely 
])Owdered  form,  instead  of  compact  as  in  the  slone.  Consequently, 
such  lime  is  possessed  of  less  causticity.  Gilmore:!:  says  that  while 
in  a  layer  of  ten  to  twelve  inches  thickness,  some  limes  complet(^l\ 
air  slake  in  twenty  to  twenty-five  days,  others  would  require  as  many 
weeks  and  some  a  year.  In  mortar,  the  carbonate  forms  first  on  the 
outer  surface  and  then  more  slowly  in  the  interior.  Vical:§  states  that 
this  layer  is  only  .10  to  .12  inches  deep  at  the  end  of  a  year,  and  Reid]| 
further  asserts  that  analyses  of  mortars  taken  from  buildings  erected 

*Ltfi\  cit. 

tGilmore,  JJme,  Hydraulic  Cements,  etc.,  p.  184. 
top.  ctt..  p.  183. 
§GiImore,  Op.  rit.,  p.  187. 
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more  tliaii  a  ceiiliu  j  before,  si  ill  show  Lliat  a  portion  of  the  liine  in  the 
interior  of  tlie  inorlar  iias  never  been  carbonated,  ilie  solidification 
or  "setting"  of  the  mortar  being  more  largely  dne  to  the  crystalliza- 
tion of  the  calcinm  hydrate  than  to  its  conversion  into  the  solid  car- 
bonate. 

Lime  exposed,  in  small  heaps  in  the  field,  to  the  action  of  heavy 
rains  and  of  the  air,  falls  to  a  powder  more  or  less  coarse,  containing 
a  large  proportion  of  carbonate.  Even  when  covered  with  a  thin 
layer  of  earth,  some  carbonate  is  formed.  In  a  heap  of  pure  lime 
thus  slaked,  Voelcker*  found  over  15  per  cent,  of  calcium  carbonate. 

H.  J.  Wheelerf  states  that  dry,  line,  air-slaked  lime,  such  as  has 
been  bought  from  time  to  time  by  the  Rhode  Island  Experiment 
Station,  has  been  found  to  contain  but  68  to  75  per  cent,  of  the  caustic 
lime  (calcinm  oxid). 

The  practice  of  covering  during  slaking  is  much  to  be  preferred 
and,  where  possible,  that  of  slaking  in  one  large  heap,  rather  than  in 
a  number  of  small  piles.  At  all  events,  lime  should  be  exposed 
in  uncovered  heaps  no  longer  than  is  necessary  for  the  slaking  to  a 
fine  powder,  after  which  it  should  be  promptly  distributed  and 
worked  into  the  soil. 

The  change  in  volume  during  air-slaking  is  even  greater  than  that 
which  is  caused  when  the  lime  is  slaked  by  sprinkling.  Reference 
to  the  table  giving  the  bushel  weights  of  fresh-burned  and  slaked 
limes  produced  or  on  sale  in  Pennsylvania  shows  that  they  range 
from  30  to  60  pounds,  averaging  over  40  pounds. 

TESTS  FOR  QUALITY  OF  LIMESTONE. 

If  11  be  desired  to  make  some  test  of  limestone  to  determine  its 
quality,  spalls  should  be  taken  from  a  freshly  exposed  surface  of 
the  stratum  to  be  tested;  these  should  be  broken  fine  and  a  carefully 
weighed  or  measured  ])ortion  heated  witli  a  dihite  acid.  The  acid 
used  may  be  muriatic  (hydrochloric),  nitric  or  acetic;  a  liberal 
amount  of  good  strong  vinegar  may  be  used.  The  heating  should  be 
carried  on  in  a  porcehiin  lined  or  granite-ware  cup.  If  carbonate 
of  magnesia  be  present  in  large  proportion,  the  stone  will  uot  bubble 
or  effervesce  sirongly  upon  the  addition  of  cold  acid,  as  it  would  were 
Ihe  stone  composed  chiefly  of  carbonate  of  lime  with  insoluble  im- 
l.urities^  only.  The  acid  solution  may  be  carefully  poured  off  after 
liealiug.  The  insoluble  residues  left  in  the  cups  by  different  strata 
can  then  be  rouglily  compared,  and  their  nature  as  clay  or  sand  noted. 

Or,  larger  pieces  of  the  stone  may  be  burned  in  a  coal  fire;  the  cal- 
cined stone,  better  the  inner  portion  of  it,  may  then  be  treated  with 
water  to  note  its  slaking  properties,  the  liberation  of  high  heat,  great 
swelling  and  final  formation,  if  the -water  be  added  in  proper  propor- 


•0/.  Lloyd,  Science  of  Agriculture,  p.  114. 
tR.  I.  Agrr.  Kxp.  Sta.,  Bull.  46,  p.  109. 
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tion,  of  a  fat  lime-paste,  all  giving  evidence  of  the  purity  and  high 
value  of  the  stone. 

COST  OF  LIME  IN  PENNSYLVANIA. 

The  cost  of  lime  in  different  parts  of  Pennsylvania  varies  greatly, 
according  to  the  distance  of  railroad  transportation  chiefly.  The 
expense  of  home-burning  is  variously  estimated:  One  Bedford  county 
correspondent  estimates  it  at  2  to  3  cents  per  bushel,  or  4  to  o  cents 
per  bushel  counting  the  cost  of  the  labor;  a  Clarion  county  corres- 
pondent  at  5  cents,  labor  included;  a  Huntingdon  county  corres- 
pondent at  31  cents,  items  included  not  being  specified;  a  Jefferson 
county  correspondent,  at  4  cents. 

Lime  bought  from  dealers  is  quoted  in  ditferent  counties  as  follows: 

Adams  G  to  11  cents  per  bushel. 

Armstrong,   0  to  8  cents  per  bushel. 

Bedford  5  to  8  cents  per  bushel,  as  to  quantity  and  quality. 

Berks  0  to  10  cents  per  bushel. 

Bueks  11  to  13  cents  per  bushel. 

Butler   Stone,  20  cents;  slaked,  8  cents  per  bushel. 

Cambria  At  local  kilns,  stone,  9  to  10  cents;  slaked,  (5  to  8 

cents;  shipped,  9  to  12  cents  in  carload  lots. 

Cameron,   30  cents  per  bushel. 

Carbon,  8  cents  per  bushel. 

Centre   5  to  S  cents  per  bushel. 

Chester,   cents  for  "fell"  lime ;  10  cents  for  small-size  fresh 

lime. 

Clinton  8to9centsfor"run  of  the  kiln;"  10  cents,  screened. 

Columbia  0  to  8  cents  per  bushel. 

Cumberland,   7  cents  per  bushel. 

Dauphin  G  to  7^  cents  per  bushel. 

Elk  14  to  15  cents. 

Forest  24  cents  per  bushed,  slakt-d. 

Franklin,  7  to  8  cents  per  bushel. 

Fulton,   8  to  10  cents  per  bushel. 

Greene,   1  cents  at  kiln. 

Huntingdon  5  to  7  cents  per  bushel;  slaked,  3  cents. 

Indiana  5  to  10  cents. 

JeiTerson,   G  to  7  cents. 

Juniata,  5  to  7  ceuts. 

Lackawanna  10  to  12  cents. 

Lancaster  G  to  9  cents.  ^ 

Lawrence  10  cents. 

Lebanon  7  cents;  very  pure,  9  cents. 

Lehigh,   7  to  9  cents. 

Luzerne  6  to  10  cents. 


Lycoming,  (i  I  o  1(1  ecu  Is. 

McKeaii,  -"U;  to  rj-Jcciiis  (.f  10  to  ^l;"  jici  Ion). 

iMcrcci-  (Mold  rents.  - 

INIiftlin  (i  cents.  ■     .  .  - 

Monroe,  (t  (o  !»  cents. 

Montgomery,   7  cents. 

Northampton,  ....  0  cents  f  or  soft  slate-stone  iiiiie;  7  to  8  cents  for 

purer  lime. 
Northumberland,  ..  .J  to  8  cents. 

Perry,  5  to  1)  cents. 

Pike,  V2i  cents. 

Schuylkill^   !)  to  12  cents. 

S^nyder,   7  cents  ;  $5  per  car  load. 

Somei'set,   0  to  0  cents.  '  '  .  ^ 

Susquehanna,  !)  to  11  cents;  |3  per  ton. 

Tioga,   28  to  35  cents  per  busliel,  or  |1  per  barrel. 

Union,  5  to  7  cents. 

Venango,  0  cents. 

Warren,  Stone  lime,  75  cents  to  fl.OO  per  barrel;  slaked,  50 

cents  per  barrel. 

Wayne,   12  to  13  cents,  delivered  at  railway. 

Westmoreland,  ...  34  to  10  cents.  -         ,     \  • 

York,  f)i  to  12cents. 


LIME  IN  PLANTS. 


LIME  ESSENTIAL,  TO  PLANT  LIFE. 

Mineial  matter  is  absolutely  necessary  to  the  growth  of  plants, 
and  every  organ  of  the  jilant  leaves,  when  it  is  carefully  burned,  a 
larger  or  smallei-  ])r<)])(u  ti(.u  of  ashes.  Among  the  many  materials 
found  more  or  less  commonly  in  these  ashes,  there  are  several  that 
are  always  present  and  tliat  have  been  found  by  careful  investigation 
to  be,  each  of  them,  absolutely  indispensable  to  the  full  development 
of  all  plants,  being  incapable  of  complete  substitution  by  other  ingre- 
dients. Such  are  lime,  magnesia,  potash,  iron  and  phosphoric  and 
sulfuric  acids,  and  iiossi])ly  soda  and  chlorin  in  very  minute  (piant; 
ties. 

QUANTITY  OP  LIME  IN  PLANT  ASHES.  .  - 

S])ace  will  not  permit  a  presentation  of  the  composition  of  various 
plant  ashes  to  fully  show  the  large  proportion  in  which  lime  enters 
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tliPiii.  lu  the  following  labk',  roiiipilcd  ]»y  Johnson.*  a  general 
hitatenient  is  given  of  tlie  composition  of  the  aslies  of  liie  ordinary 
crops  as  tliey  are  at  time  of  harvest,  and  will  suttice  to  exliihil  the 
more  important  differences  in  their  lime  content: 

TABLE  II— Composition  of  Ashes  from  Principal  Classes  of  Crops. 
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s 
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CEREALS— 
Grain,  . 
Straw, 

I>KGUMES- 
Kernel, 
Straw,  . 


ROOT  CROPS- 

Roots,   

Tops  


GRASSES— 
In  flower. 


30 

12 

3 

46 

2 

2.5 

1 

13-27 

3 

7 

5 

50-70 

o  - 

2 

44 

7 

5 

35 

1 

4 

2 

27-41 

7 

25-30 

S 

5 

2-6 

"  C-7 

60 

3-9 

6-12 

S-S 

1-4 

5-12 

3-9 

37 

3-16 

10-35 

3-8 

3 

6-13 

5-17 

33 

4 

S 

8 

35 

4 

5 

These  figures  show  clearly  that  the  straw  is.  weight  for  weigh ^ 
richer  in  lime  than  the  grain,  and  the  tops  of  the  root  cro})s  richer 
than  the  roots;  also,  that  the  straw  of  legumes,  such  as  jieas.  heans 
and  clover,  is  richer  in  lime  than  that  of  the  grasses  and  coniiiion 
cereals. 

LIME  REMOVED  BY  CROPS. 
Taking  into  account  the  aveiagr  anionnls  of  ash  in  the  \ario!is 
farm  ciops  and  the  comjiosit  ion  (d'  the  several  ashes,  nsiug  American 
analyses  for  the  coiii|nilal  ion  of  llic^  several  avei-ages.  where  they 
.are  available,  the  (luautili^-s  of  the  vaiions  plant  const  i  I  iien  I  s  llial  are 
removed  from  the  soil  by  the  resjiective  croiis.  are  as  follows: 


*Ho\v  Croiis  Grow,  ISOC,  p.  171. 
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•Bonis 

S  U3  ^ 

0.5 
81.9 

82.4 
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OO 
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DISTRIBUTION  OF  LIMB  IN  THE  PLANT.  . 

The  kinds  and  quantities  of  asli  constituents  in  any  given  part  of 
tlie  plant  are  not  constant,  but  vary  not  only  with  the  species  and 
variety  of  the  plant,  and  with  the  conditions  under  which  it  grows, 
but  also  in  the  same  plant  during  its  development.  A  number  of 
interesting  observations  have  been  made  upon  the  movements  of 
lime  in  various  plants,  of  which  a  few  may  be  cited. 

Of  the  various  organs,  the  leaves  are  richest  in  lime,  except  in  the 
case  of  trees,  whose  bark  surpasses  the  leaf. 

The  investigations  of  Areudt*  show  16.7  and  17.2  per  cent.,  respec- 
tively, in  the  lower  and  upper  leaves  of  the  oat  plant,  while  the  stem 
contains  3.6  to  8.6  per  cent.,  and  the  ears  7.3  per  cent.  The  older 
leaves  usually  contain  far  more  than  those  of  less  maturity.  Thus, 
Bretschneider,t  comparing  the  inner,  or  younger,  leaves  of  the  sugar 
beet  with  the  outer,  or  older,  leaves,  found  in  the  innermost  only  4.7 
per  cent.,  as  compared  with  24.2  per  cent,  in  the  outermost.  Another 
of  many  illustrations  of  this  fact  is  found  in  the  case  of  the  chestnut. 
Fliche  and  GrandeauJ  found  in  leaves  taken  May  1,  18.41  per  cent,  of 
lime,  and  in  others  taken  October  12,  49.50  per  cent.,  while  the  per- 
centage of  magnesia  differed  little,  and  those  of  potash  and  phos- 
phoric acid  were  greatly  diminished  in  the  older  leaves. 

Studying  the  changes  that  occur  during  the  development  of  the 
grain  of  oats,  Arendt§  obtained  results  indicating  a  transfer  of  lime 
with  potash  from  the  grain  as  it  matures,  while  magnesia  and  phos- 
phoric acid  are  transferred  in  large  quantity  from  the  leaves  to  the 
grain.  ,  :      ■     ;         >.  ,■  ;  i  ■   ;  -r 

Lime  and  magnesia,  which  bears  so  much  resemblance  to  it  in  its 
chemical  reactions,  are  also  very  differently  distributed  in  the  grain 
of  cei-eals,  as  shown  by  the  analyses  of  l)olted  wheat  flour  and  bran, 
from  wliich  it  is  clear  that  the  inner  portion  of  the  endosperm  from 
which  the  finer  flour  is  prepared,  contains  most  of  the  linie,  while 
magnesia  occurs  chiefly  in  the  bran.  Owing  to  the  relatively  small 
quantity  of  lime  in  the  seed,  as  compared  with  that  in  the  leaf,  it  is 
not  surprising  that  Boehm,||  Von  Liebenberg,**  Deh(?rain  and 
Br^alft  have  discovei  ed  that  under  ordinary  condition  of  germination, 
lime  is  the  first  ash  constituent  required  to  be  supplied  from  the  soil 
in  order  that  the  processes  of  vegetation  may  be  completed. 

In  the  sprouting  of  the  tubers  of  potatoes,  Kellermannt:!:  found, 
on  the  other  hand,  that  while  the  total  ash,  potash  and  phosphoric 

*C.f.  Johnson,  How  Crops  Grow,  1S90,  p.  171. 

fib.  p.  172.  from  Hoff.  Jahresberkht,  4,  S9.  .         -  ,  -  ' 

tAnn.  chim.  phys.  (5)  S,  500;  Deherain,  Chimie  Agricole,  1S92    p.  156 
§0p.  cit.,  p.  237. 

l|Ann.  Apron.,  I.,  470.  •  ■ 

**Ib.  8,   58.         ,  ■ ,  - . 

ttlft.  }>,  127.  :        ■  V 

ttlh.  4,   615.  .  ■  -       ■    ~  -  • 
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acid  in  the  tubers  steadily  decreased  for  fourteen  weeks,  the  (luantity 
of  linic  increased  five  fold,  being  taken  np  from  llir  snil  and  lirld  in 
the  old  tuber  in  the  form  of  calcium  oxalate.  Ihe  conlinudus  secre- 
tion of  oxalic  acid  and  formation  of  the  oxalale  account ini;  for  the 
absorption  of  the  lime. 

Desbai  res,*  in  studying  the  development  of  new  wood  of  the  sumac, 
found  little  change  in  the  composition  of  the  ash. 

COMPOUNDS  OF  LIME  IN  PLANTS. 

The  condition  in  which  it  exists  in  the  plant,  varies  with  the  species 
and  the  circumstances  of  its  growth.  When  the  i»lant  is  young  and 
the  lime  is  not  present  in  excess,  it  is  largely  combined  with  the  acids 
characteristic  of  the  species  in  the  form  of  an  acid  salt,  present 
in  solution  in  the  sap.  The  acid  r.ialate  of  lime  sometimes  occurring 
so  abundantly  in  maple  sap  and  known  to  maple  sugar  makers  under 
the  names  of  "sand'"  and  nitre,"  is  an  interesting  example  of  this 
kind  of  compound. 

LIME  SOMETIMES  PRESENT  IN  EXCESSS. 

When  a  soluble  salt  of  lirae  with  a  mineral  acid  is  taken  up  in 
excess  by  the  plani,  a  portion  of  it  may  be  excreted  through  the  leaf, 
to  be  washed  oft'  by  the  rain,  as  was  observed  by  Saussuref  in  the 
case  of  calcium  chlorid  upon  the  lea\es  of  the  cucumber. 

Certain  rather  difficulty  soluble  compounds  of  lime  and  albumin- 
oids are  found  in  grains  and  as  calcium  carbonate  unites  with  some 
of  the  group  of  organic  substances  of  which  starch,  wood  and  sugar 
are  members,it  is  believed  by  some  investigators  that  similar  chemical 
compounds  occur  witldn  the  plant. 

When  lime  is  present  in  large  quantities,  much  of  it  is  jireseni  in 
the  form  of  saline  encrustations  or  in  crystals.  Potato  leaves  often 
contain  considerable  quantities  of  solid  calcium  carbonate,  which  is 
also  often  found  in  wood  and  bark.  In  dense  teak  wood,!  concretions 
of  calcium  phosphate  are  often  found,  while  80  per  cent,  of  the  dry 
matter  of  Cactus  senilis  is  composed  of  calcium  phosphate  and  ox- 
alate. The  leaves  of  the  walnut,  the  leaf  stem  of  the  rhubarb  and 
the  beet  root  often  afford  beautiful  specimens  of  crystalline  calcium 
oxalate.  Sachs  found  in  the  root  of  the  young  bean,  crystals  of 
calcium  su.lfate.  The  Saxifraga  crmtata^  a  low  European  plant 
found  in  lime  soils,  is  covered  by  a  scaly  encrustation  of  calcium  and 
magnesium  carbonates,  w^hich  Unger§  found  to  proceed  from  granu- 
lar expansions  on  the  margin  of  the  leaf  directly  connected  with 
the  sap  ducts;  in  soils  poor  in  lime,  the  encrustation  does  not  appear. 

*  Delierain.   Chimie  Agricole,   p.  61.  . 
tRecherches  sur  la  Veg.  p.  265;  Johnson.  How  Crops  row.  p.  20.'!. 
t(7.  Johnson,  How  Crops  Grow,  pp.  204  ,  206. 
§Sit2ungsber.  Wien.  Akacl., 


58 


Berthier*  makes  the  interesting  obsei'vation  that  vje,  which  grows 
well  on  granitic  and  siliceous  soils,  contains,  in  the  ash  from  Lhe 
mature  straw,  calcium  only  in  the  form  of  pliospliate,  while  the  ash 
of  barley,  which  grows  upon  such  soils  only  after  they  have  been 
limed,  contains  not  only  as  much  calcium  phosphate,  but  also  a 
percentage  of  calcium  carbonate  much  larger  than  that  of  the  phos- 
phate. 

USES  OF  LIME  IN  THE  PLANT. 

The  functions  performed  in  the  plant  by  lime  are  not  clearly  de- 
fined. That  it  is  useful  in  neutralization  of  plant  acids  and  in  their 
removal,  when  in  excess  in  the  sap,  in  the  form  of  insoluble,  neutral 
salts,  has  already  been  made  apparent.  Griiblerf  has  observed  th- 
occurrence  of  both  calcium  and  magnesium  in  the  aleurone  grains 
of  seeds,  where  they  occur  as  soluble,  crystallizable  compounds  with 
the  albuminoids,  whose  dift'usibility  they  thus  promote. 

There  is  evidence  to  indicate  that,  while  lime  is  not  essential  to  the 
formation  of  starch  in  the  leaf,  it  is  useful  in  the  normal  formation  of 
collulose.  Boehm.t  and  Von  Raumer§  made  a  series  of  observations 
uj)on  the  germination  of  lhe  scarlet  runner  (flowering-bean,  I'haseolus 
rimltiHorus.)  (Jei-minaiing  it,  keeping  its  roots  in  pure  water  and 
its  leaves  in  the  darkness,  the  young  shoots  are  seen  to  develop  with- 
out green  color,  but  perfect  in  form,  for  a  number  of  days,  when, 
suddenly,  there  appears  just  below  the  terminal  bud,  a  discoloration, 
and  the  stem  wilts,  withers  and  dies;  yet  the  cotyleons,  or  seed  lobes, 
are  still  unexhausted  of  their  supply  of  starch,  the  reserve  building 
material  from  which  the  wood  of  the  cell  walls  is  derived.  If,  how- 
ever, instead  of  placing  the  roots  in  pure  water,  they  be  inserted  in  a 
dilute  solution  of  any  lime  compound  (except  the  chlorid),  the  plants 
maintain  the  stem  development  until  the  starch  in  the  seed  is  com- 
pletely exhausted.  According  to  Boehm,  carbonate  of  magnesia, 
instea<l  of  l)eing  able  to  replace  lime  for  this  purpose,  is  positively 
poisonous.  Von  Liebenberg||  has  extended  these  observations  with 
sijuilar  result  to  the  seeds  of  a  number  of  plant  species. 

On  the  other  hand,  Deh(?rain  and  Breal,**  observed  that  while 
lime  is  beneficial  to  normal  germination  and  indispensable  to  normal 
stem  development  at  the  ordinary  temperatures  of  germination  in  the 
soil,  the  seed  is  able,  at  slightly  elevated  temperatures  (86  degrees  to 
95  degrees  Fahr.),  to  continue  a  healthy  stem  development  until  the 
starch  in  the  seed  has  been  exhausted,  without  the  presence  of  any 
lime  except  the  small  amounts  already  present  in  the  seed.    Storerf  f 

*Deli£rain,  Chimie  Agricole,  158-9. 

tJohnson,  How  Crops  Grow,  1890,  p.  216. 

tJb.  Ag.  Cliem.,  1875-6,  I,  255;  Ann.  Agron.  1,  470. 

§Vers.  Stat. ,  29,  251. 

(|Ann.  Agron.,  9,  127.  ;  •    .  . 

**Ann.  Agron.,  9,  68.  ■  : 

ttAgricuItural  Chemistry,  1892,  II,  407.  ' 
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notes,  flirtLer,  tlie  fact  that  cellulose  formation  is  curried  on  in  cer- 
tain fungi,  such  as  beer-yeast,  in  the  entire  absence  of  lime,  the  fact 
having  been  established  by  the  researches  of  A.  Mayer  and  Cohn; 
Storer,  therefore,  suggests  that  lime  is  indispensable  for  the  proper 
formation  of  leaves,  rather  than  for  that  of  cellulose  in  general.  Heiu- 
rich,*  however,  inclines  to  the  opinion  of  Boehm,  and  notes  the  almost 
invariable  incrustation  of  the  cell  membranes  with  lime  compounds, 
an  incrustation  which  becomes  thicker  as  the  cell  grows  older,  especi- 
ally in  the  case  of  woody  cells.  Loewf  and  BokornyJ  regard  it  as 
playing  an  important  part  in  the  chlorophyll  granules  and  of  the 
nuclei,  or  reproduction  centers,  parts  of  the  highest  importance  in 
the  life  of  the  plant. 

EFFECT  UPON  FORM  OF  PLANTS. 

R.  Heinrich§  notes  that  lime  has  a  marked  influence  upon  the 
external  forms  of  vegetation ;  when  lime  is  abundant  in  the  soil,  the 
internodes  between  the  leaf  axils  are  shorter  and  thicker,  and  the 
plants  set  more  abundant  and  vigorous  stalk  organs  and  tend  to 
heavier  fruiting,  whereas  upon  soils  deficient  in  lime,  plants  shoot 
up  in  slim  stalks  and,  though  often  blooming  abundantly,  set  fruit 
deficiently. 

E.  W.  Hilgard,!!  speaking  of  the  character  of  the  growths  of  the 
several  species  of  oaks  ("post,^'  "black  jack,"  "scarlet"  and  "white") 
upon  strong  and  upon  light  soils  in  Mississippi,  notes  that  upon  the 
former  soils,  the  growths  are  sturdy,  thick-set,  with  short,  stout 
branches  and  dense  tops;  while  on  the  poorer  soils  the  growths  are 
more  slender,  often  very  crooked  and  knotty,  with  slender  branches 
and  open  or  tattered  top. 

CALCIPHILE  AND  CALCIFUGE  PLANTS. 

It  has  been  noted  that  certain  plants,  such  as  the  sugar  beet  and 
common  red  clover,  flourish  particlarly  well  in  soil  containing  abund- 
ance of  lime;  hence,  such  plants  are  called  "calciphile,"  or  lime- 
loving.  Others,  such  as  the  sorrel  {Rumex  acetellosa),  sea  pine, 
chestnut  and  lupin,  either  grow  with  less  luxuriance  upon  lime  soils 
than  upon  soils  deficient  in  this  ingredient,  or  are  injured  or  abso- 
lutely destroyed  by  liming.  Such  plants  are  called  "calcifuge,"  or 
lime-avoiding.  The  growtli  of  such  plants  as  indicative  of  the  nature 
of  the  soil  and  in  its  relation  to  the  agricultural  application  of  lime 
will  be  considered  in  another  connection.  It  is  of  interest  here  to 
note  that  the  calcifuge  plants  are  not  devoid  of  lime,  but  often  con- 
tain large  amounts  of  it.    Thus,  the  ash  analyses  of  the  sugar  beet, 

'Mergf'l  u.  Mergeln,  1896,  4. 
tFlora.  1S02,  Heft.  3. 
tBot.   Centralbl.,   02,  1. 
SMergel  u  Mergfin,  1896,  p.  6. 
II  X  Cc-npus,  Vol.  V,  220. 
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compiled  by  Wolff,  sliow  in  the  ash  of  the  root  6  per  cent.,  and  of  the 
<op  20  per  cent,  of  lime,  while  those  of  the  lupin  show  in  the  seed  asU 
7.5  per  cent,  and  in  that  of  the  straw  about  23  per  cent.;  that  is,  the 
proportion  of  lime  in  the  ash  of  tlie  calcifuge  plant  was  actually  the 
larger.  If,  in  like  manner,  a  comparison  be  made  between  the  ashes 
of  the  chestnut  and  of  the  white  oak,  the  latter  growing  especially 
well  upon  calcareous  soils,  it  is  found  that  the  ashes  of  the  chestnut 
contain,  the  bark  47  per  cent.,  the  wood  49  per  cent,  of  lime,  and  those 
of  the  white  oak,  the  bark  .52.73  per  cent.,  and  the  wood  29.85  per  cent, 
of  lime.* 

Fliche  and  Grandeauf  have  made  an  interesting  study  of  the  com- 
position of  the  sea  pine.  This  tree  prospers  only  on  soils  quite  poor 
in  lime.  Analyses  w'ere  made  of  twigs  (1)  taken  from  a  tree  growing 
on  a  soil  containing  .05  per  cent,  of  lime  in  the  surface,  and  0.20  per 
cent,  in  the  sub-soil;  (2)  from  a  tree  growing  in  a  soil  containing  in 
the  surface  3.25  per  cent.,  and  in  the  sub-soil  24.04  per  cent.;  (3)  for 
coiiijiarison,  the  composition  of  the  ash  of  the  Austrian  black  pine, 
growing  well  on  lime  soil,  was  determined;  the  percentages  of  lime 
wei-e  (1)  40.2,  (2)  5G.1,  (3)  49.1;  that  is,  the  ash  of  the  calcifuge  plant 
contained  about  as  much  lime  as  the  calciphile  when  both  grew  upon 
soils  best  adapted  to  their  normal  development.  When  the  sea  pine 
was  grown  upon  a  calcareous  soil,  its  content  of  lime  was  abnormally 
increased,  and,  curiously,  the  percentage  of  potash  was  reduced  two- 
thirds;  the  loss  of  vigor  is  probably  due  to  the  deficiency  of  potash. 
Bernard,!  in  his  studies  upon  the  vine,  which,  especially  the  native 
vines  of  France,  is  subject  to  a  very  destructive  disease  manifest 
through  the  leaves  and  termed  "chlorosis,"  states  that  it  is  caused  by 
excess  of  lime  in  the  soils.  When  the  grape  leaves  are  examined,  they 
appear  to  contain  numerous  crystals  of  calcium  oxalate,  and,  like 
other  calcifuge  plants,  show  a  similar  tendency  to  throw  out  of  cir- 
culation Uie  excess  of  lime  in  their  tissues.  The  juices  of  ehlorotic 
grapes  also  ajjpear  less  acid  than  normal  and  sometimes  even  clearly 
alkaline.  Wlien  Ihe  chlorosis  is  cured,  the  crystals  of  calcium  oxalate, 
disappear. 


LIME  IN  SOILS. 


COMPOUNDS  OF  LIME  PRESENT. 

In  earlier  paragrai)hs  treating  of  tlie  formation  of  limesJonev 
the  fact  was  noted  that  lime  is  one  of  ihe  rock  substances  more  ea--'i  = 


•C7.  H.nndliook  oC  Exp.  Station  Wark,  1S92,  p.  411. 
tAnn.  cliim.  phys.,  (4),  2!>,  3S3. 
tJje  Cak-aire,  1S!>2. 
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takc^n  into  solution  when  rocl^s  weather  or  decay.  It  forms  somewliat 
readily  soluble  eonipounds  with  chlorin,  nitric,  sulfuric,  carbonic  acid 
and  with  certain  organic  acids;  less  soliible  with  other  organic  acids, 
phosphoric  acid  and,  in  certain  hydrous  double  compounds,  with 
silica  and  alumina,  while  its  anlydrous  compounds  with  silica  are 
the  most  insoluble  combinations  into  which  it  enters. 

(Considering  the  great  variety  of  mineral  substances  from  whose 
weathering  and  pulverization  soils  have  been  formed,  with  the  mod; 
fying  influences  of  the  varying  nature  of  the  surface  of  the  country 
and  the  varving  extent  to  which  living  organisms  have  been  activ<' 
in  the  soil  formation,  it  is  not  surprising  that  soils  should  exhibit  a 
very  wide  difference  in  their  content  of  lime. 


PROPORTION  IN  VARIOUS  SOILS. 

The  following  list  of  soils,  with  the  proportion  that  they  contain 
of  lime  soluble  in  hydrochloric  acid,  serves  to  exhibit  the  great  dif- 
ferences : 

TABLE  IV— Percentage  of  Lime  in  Various  Soils. 


Kind  of  Soil. 


^^^^^SS:^^ierme:s.n6y.  from  basaltic  rock  ..... 

poor  corn,   

Subsoil  corresponding  to  No.  4  •  

Drift  soil,  with  clay  subsoil.  Oswego,  N.  Y  

Alluvial  bottom  soil,  Louisiana  

Barren,  pine-hill  land.  Louisiana,   

Sandy  soil,  Rio  Grande,  N.  J  

Soils  from  Kansas  and  Nebraska,  prairie,   

Sugar-cane  scil.  Demerara,   cropped  15  years.   

Sugar-cane  soil,  Jamaica  

Rhine  alluvium,  Zuider  Zee,  Holland,  highly  fertile,  


5. 
6. 

i. 

9. 
10. 
11. 
12. 

13. 

14. 
15. 
IS. 
17. 

IS. 

m. 

20. 
21. 
22. 
23. 
24. 
25. 


Lime. 

Per  cent. 


f  Surface 
.  >.  15  in.  deep, . 
[30  in. 


deep. 


Fertile  wheat  soil.  Mid  Lothian,  Scotland  

Sterile  soil.   Upper  Palatinate.  Bavaiia,  

Ten  sandv  soils,  from  .-i.lahama,  Florida  and  Georgia, 
Ten  clay  "soils  from  Alabama,  Georgia,  South  Carolina 

and  Louisiana,   • .  ■  .•■  

■Vvei-age  of  46ii  non-calcareous  soils  of  humid  re. 

Ark    Kv.  and  Gulf  States)  ■;  ■ '  V,V 

Vverage  of  -313  soils  of  arid  region  of  the  U.  S.  (Gal.,  Wash 

Mkali  soils  of  California,  Washington  and  Montana,   

Black  tschernrsem.  Poltava,  Russia  i wheat  soil)  

Volcanic  soil,  gray,  Sumatra  (tobacco  soil)  •.•  

Granitic  soil    Granville,  N.  C.  (yellow,  tobacco  soil),  ... 

Limestone  soil,  Donegal,  Pa  

Limestone  soil.  Rocky  Spring,  Pa.,  surface,  

Limestone  soil.  Rocky  Spring,  Pa.,  subsoil  


Mississippi,  Tennessee 
ion  of  the  U.  S.  (S. 


C. 


N.  C. 


.S5  to  3.90 
1.34  to  2.10 
.97 

1.39 
1.2S 
.35  to  1.S7 
.41  to  2.0ft 
.09 

.225  to  -.505 
.45  to  .76 
.OS 
.99 
4.09 
5.10 
2.48 
1.23 
.10 

.045  to  .141 
.036  to  3.054 


Montana), 


.03  t> 


.11 
1.36 
i  4.50 
1.21 
,77 
.07 
.61 
.41 
.25 


Xote-Tlie«p  analyses  are  quoted  from  the  following  sources;  Nos.  1-S,  Richards,  Bulletin 
No  9  Chemical  Division,  U.  S.  Dept.  of  Agriculture;  Nos.  9-12,  Richardson,  Special  Report  on 
the' Investisation  of  Sorghum,  1892  (U.  S.  Dept.  Agr.),  PP.  58-64;  Nos.  10-15.  Johnson,  How  Crops 
Feed,  pp.  362  and  366;  Nos.  16-17,  Hilgard,  quoted  by  King,  The  Soil,  pp.  84-87;  Nos.  18-20,  Hilgard, 
Bull.  3,  U.  S.  Weather  Bureau;  Nos.  21-25,  Frear,  Rep.  Pa.  Ag.  Fxp.  Station,  1894. 

It  is  clear  from  these  analyses  that  fertile  soils  usually  contaisi 
0.2  per  cent,  or  upward  of  lime  and  that  soils  containing  as  little  as 
0.1  per  ccjit,  are  usually  marked  for  their  barrenness.    The  texture 


of  the  soil,  since  it  affects  the  ease  of  exfension  of  the  phint  roots, 
has  some  determining  power  over  production;  a  hjamy  soil,  through 
which  roots  readily  distribute  may  be  fairly  productive  with  a  low 
lime  content  that  would  cause  sterility  in  a  compact  clay.  On  the 
other  hand,  since  rain  passes  more  readily  by  percolation  through  the 
former  soil,  it  is  more  easily  reduced  by  drainage  to  the  lower  limit 
of  productiveness  where  the  location  of  the  soil  favors  leaching; 
sands  are  usually  much  less  rich  in  lime  than  clays  are. 

The  above  illustrations  do  not  exhibit  the  greatest  extremes  of 
lime  percentage  in  soils;  sea  dunes  often  show  a  lower  percentage, 
while  coral  sands,  chalky  and  marly  soils  exhibit  much  higher  ones; 
the  writer  has  analyzed  a  soil  from  Juniata  county,  in  this  State,  that 
contained  upwards  of  90  per  cent,  of  calcium  carbonate. 

LIMESTONE  SOILS  NOT  ALWAYS  RICH  IN  LIME. 

It  is  a  common  inference  that  soils  derived  from  limestone  forma- 
tions ai'e  necessarily  rich  in  lime;  but  this  is  very  often  not  the 
case,  owing  to  the  relative  ease  with  which  calcium  carbonate  dis- 
solves in  the  carbonated  waters  of  the  air.  Merrill*  remarks  that 
thousands  of  feet  of  such  strata  may  disappear  without  leaving  more 
than  a  very  thin  coating  of  soil  in  their  place.  Penrose,t  from  the 
examination  of  an  impure  limestone  and  its  residual  clay,  found  that 
the  latter  represented  only  2.365  per  cent,  of  the  former  and  that, 
of  the  lime,  98.93  per  cent,  was  lost,  the  rock  containing  44.79  per 
cent.,  the  clay  3.91  per  cent.  Bernard;!:  cites  two  soils  which  their 
owners  thought  to  be  rich  in  lime  because  derived  from  limestone 
rocks,  viz:  From  the  Forest  marble  strata,  92.60  per  cent,  calcium  car- 
bonate, soil,  3.28  per  cent. ;  Cornbrash  strata,  rock,  91.30  per  cent.,  soil 
0.40  per  cent.  Possibly  the  most  striking  illustration  of  this  sort  is 
that  given  by  Spencer,§  who  finds  in  a  sandy  soil  on  the  slopes  of  the 
Alleghenies  0.14  per  cent,  of  lime,  whereas  the  parent  limestone  con- 
tains over  30  per  cent. 

LIME  IN  COARSE  AND  PINE  SOILS. 

Some  facts  concerning  the  condition  of  the  lime  in  different  soils 
may  be  noted.  Bernard, ||  from  the  examination  of  over  one  hundred 
soils  of  Jurassic  origin  from  the  district  of  Saone-et-Loire,  France, 
finds  equal  percentages  of  lime  in  the  several  portions  as  to  fineness, 
into  which  each  soil  was  divided  by  sifting.  In  these  soils,  the  lime 
is  supposed  to  have  been  deposited  with  organic  remains.  But  in 
certain  soils  from  Cretaceous  formations  the  percentage  of  lime  is 

♦Rocks,  etc.,  pp.  231-2. 

tAnnual  Report  Geol.  Survey,  Arkansas,  1.S90,  p.  179.  •  '  _  . 

+Le  Calcaire,  pp.  120-130, 

^Report  of  the  Gpo!o.gical  Survey  of  Georgia.  ■  „  . 

»*Le  Calcaire,  pp.  40-58.  '  7  .  . 
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mucli  larger  in  the  tiner  than  in  the  eoarser  portions  of  the  soil;  Ber- 
nard believes  this  difierence  is  due  to  a  chemical  precipitation  of  the 
lime  in  the  latter  soils. 

LIME  IN  SURFACE  AND  SUBSOILS. 

Despite  the  influence  of  cropping  and  leaching,  the  surface  soil 
usually  contains  more  lime  than  the  corresponding  sub-soil.  King,* 
taking  the  averages  of  a  number  of  analyses  of  sand  and  clay  soils 
finds  hi  the  sand :  Surface,  .115  per  cent. ;  sub-soil,  0.096  per  cent. ;  clay, 
surface,  1,701  per  cent. ;  sub-soil,  1,4S1  per  cent.  This  is  doubtless  duo 
to  the  abundance  of  lime  dissolved  in  the  soil  water  and  brought  by 
the  wick-like  action  of  the  soil  to  the  surface,  where  it  is  left  upon 
the  evaporation  of  the  moisture.  The  effect  of  such  upward  trans- 
location is  distinctly  seen  in  comparing  the  soils  of  the  humid  and 
the  arid  regions,  the  upward  movement  of  soluble  matters  being  un- 
compensated in  the  latter  climate  by  the  leaching  effect  of  rains. 
To  the  resulting  abundance  of  lime  in  these  soils,  upland  and  lowland, 
Hilgard  attributes  their  high  and  very  uniform  productiveness  when 
they  are  irrigated. 

.      ■  SOLUBILITT  OF  LIME. 

The  condition  of  ready  solubility  of  lime  in  the  soil  is  indicated 
by  the  fact  that  on  examination  of  the  results  of  aqueous  extraction 
of  seventeen  soils  discussed  by  Johnson.f  lime  was  found  to  make 
up  from  6  to  25  per  cent,  of  the  solid  extract,  being  the  most  abund- 
antly extracted  base,  constituting  20  per  cent,  or  more  of  the  solid 
extract  in  seven  out  of  the  seventeen  cases.    This  is  further  shown 
by  the  analyses  of  drainage  waters  by  Wayi  and  of  lysinieter  waters 
by  Zoller,§  the  extracts  in  the  former  containing  10  to  25  per  cent, 
of  lime,  and  those  of  the  latter  22  to  32  per  cent.    Magnesia  was 
much  less  abundantly  dissolved,  and,  usually,  potash  was  more 
abundant  when  the  percentage  of  lime  was  high.    Moreover,  Ul- 
bricht,||  in  examining  the  solubility  of  the  several  constituents  of 
various  soils  upon  repeated  extraction  with  water,  has  shown  that 
lime,  more  than  any  other  constituent,  maintains  its  readiness  of 
solution. 

The  lime  which  is  i-emoved  from  the  soil  by  water  is  chiefly  in 
conil)ination  as  the  carbonate,  sulfate,  nitrate,  chlorid  or  phosphate. 
Very  dilute  acids  remove  it  in  scarcely  greater  quantities  than  are 
represented  by  its  compounds,  in  the  soil,  with  the  above-named 
acids.  Much  larger  quantities  are  extractible  by  the  use  of  mod- 
erately strong  acids;  in  such  cases,  considerable  quantities  of  soluble 

*The  Soil,  p.  So. 

tHow  Crops  Feed.  pp.  310-312. 

l.Tov.r.  Roy.  Agri.  Soc,  17.  133;  quoted  by  Johnson,  Op.  cit.;  p.  313. 
§Quoted  by  Johnson,  '  Op.  cit..   p.  315. 
llVeraucbs-Stat.,  5,  207. 
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silica  and  alumina  are  also  liberated.  It  is  inferred  that  the  lime 
was  present  in  combination  with  the  silica  and  alumina,  probably  in 
the  hydrous  silicates  known  to  mineralogists  as  the  zeolites,  which 
are  readily  decomposed  by  moderately  strong  acids  with  the  produc- 
tion of  soluble  silica.  Thus,  Hilgard*  notes  that  in  the  prairie  soils 
of  Alabama,  Mississippi  and  Texas,  a  large  percentage  of  lime  is 
accompanied  by  high  percentages  of  soluble  silica  and  alumina. 
In  some  cases  1  or  even  3  per  cent,  of  lime  is  present,  and  in  the 
mulatto  clay  lands  of  Tennessee,  C.5  to  8.4  per  cent.,  and  scarcely  a 
trace  of  carbonic  acid  is-  found;  in  these  cases,  the  lime  is  probably 
present  as  a  zeolitic  silicate. 

RELATION  TO  ORGANIC  MATTER. 

The  relation  of  the  lime  in  soils  to  the  organic  matter  is  one  of  ex- 
treme variability.  In  the  soils  analyzed  by  Eichards  (see  preceding 
table),  the  proportion  of  lime  to  organic  matter  varied  from  1:1.5, 
in  a  light,  fertile  basaltic  soil  from  the  State  of  Washington,  to  1:37 
in  a  cultivated  peat  from  Berrien  county,  Mich.  Infertility  not  in- 
frequently occurs  where  the  ratio  of  organic  matter  is  20  or  higher. 
Tackef  bases  his  classification  of  moor  soils  upon  their  lime  content, 
the  chai'acters  and  treatments  corresponding.  His  classes  are:  (1) 
upland  moor,  0.5  per  cent,  lime;  (2)  intermediate  moor,  0.5  to  2.5  per 
cent,  lime;  (3)  lower,  or  meadow,  moor,  over  2.5  per  cent.  lime.  It 
is  notable  that  despite  the  facts  that  the  acids  of  the  humus,  such  as 
the  humic,  ulmic,  apocrenic  and  crenic,  have  the  power  to  decom- 
pose calcium  carbonate  with  the  formation  of  calcium  humates, 
ulmates,  apocrenates  and  crenates,  and  that  the  first  three  of  these 
classes  of  compounds  are  very  difficultly  soluble  in  water,  the  tend- 
ency of  upland  soils  rich  in  organic  matter  is  to  be  deficient  in  lime, 
while  those  of  the  lowl.'inds  are  better  and  often  richly  supplied. 

VEGETATION  TYPICAL  OF  NATURE  OF  SOIL. 

As  was  noted  in  an  earlier  paragraph,  the  character  of  the  soil, 
and  especially  its  richness  in  lime,  is  often  indicated  by  the  nature 
of  the  vegetation  growing  upon  it  when  in  its  virgin  state.  Thus, 
HilgardJ  notes  that  on  the  long-leaf  pine  bottom  and  hummock  lands 
of  Mississippi,  with  0.05  to  0.4  per  cent,  of  lime,  where  water  stands 
in  the  undrained  sub-soil,  the  ink  or  gall-berry,  wax-myrtle  and 
similar  plants  prevail,  but  disappear  as  the  calcareous  regions  on 
each  side  are  approached. 

Heinrich§  states  that  lime  is  certainly  not  lacking  when  the  hedge- 
vetch,  birds'-tare,  chickling-vetch  and  red  or  other  clovers  form  the 
natural  vegetation,  or  when  the  oak,  birch  and  locust  flourish  nearby, 
but  that  a  deficiency  of  lime  is  to  be  suspected  when  there  is  a  large 

*X  Censu.s  of  the  TInited  States,  5.  SI. 
tChem.  Zeitung,  1895,  No.  05. 
JX  Census,  5,  2G7. 
gMergel  u.  Mergeln,  20-21. 
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(luautity  of  sorrel  (Rarnex  adAlo.se)  or  Clu'i/sinitheniv ni  segatvm^ 
though  no  importance  is  to  be  attached  to  the  presence  of  single  in- 
dividuals of  tliese  species  for  the  reason  that  sorrel  has  been  observed 
growing  in  marl  pits,  and  in  culture  pots  whose  soil  contained  as 
much  as  1  per  cent,  of  lime.  This  author  states  that  but  few  plants 
are  really  injuriously  alfected  by  lime  and  says  that  UfEelmann's  sup- 
position* that  hearts-ease,  quick-grass  and  chamomile  disappear  after 
a  liming,  is  not  credible. 

A.  Bernardt  mentions  the  sand  or  maritime  pine,  the  chlorotic 
varieties  of  the  grape,  the  broom,  digitalis  and  the  chestnut  as  plants 
preferring  non-calcareous  soil.  Speaking  of  the  latter  in  particular, 
he  urges  that  where  the  chestnut  flourishes,  the  soil  will  be  found  poor 
in  lime,  even  though  the  geological  formation  from  which  it  is  de- 
rived ordinarily  yields  a  calcareous  soil.  Thus,  examining  the  soil 
alone,  the  roots  of  a  chestnut  growing  in  a  calcareous  woodland 
of  Ardeche,  France,  he  found  from  traces  up  to  only  0.0  per  cent,  of 
lime. 

The  laurel  and  the  winter-green  may  be  also  mentioned  as  plants 
preferring  non-calcareous  soils. 

Wheeler,  Hartwell  and  Tuckeri  mention,  as  characteristic  of  the 
vegetation  of  certain  acid  upland  soils  of  Rhode  Island,  birds-foot 
violet  (  Viola  pedata,  L.),  wild  or  beard  grass  (Andropxi'yii  -acoparma, 
Mx.),  species  of  8t.  Jolm's  wort  [Hyper icwn),  coiumon  or  soft  rush 
{Juncus  efusus,  L.j,  wood  rush  [Litzula  caiipestris,  D.  C),  and  several 
mosses;  v\'hile  common  soriiel  (Bumex  acetellosu,  L.),  appears  as  soon 
as  cultivation  is  begun. 

EFFECTIVE  AMOUNT  OF  LIME  IN  SOIL. 

The  quantities  of  acid-soluble  lime  in  the  soil  that  are  requisite 
to  bring  about  the  above  noted  ditterences  in  the  kind  and  manner 
of  growth  of  plants  must  vary  both  with  the  texture  of  the  soil,  as 
noted  earlier,  and  with  the  quantities  of  acid-forming  mineral  and 
organic  substances  that  are  present.  It  is  not,  therefore,  sur])rising 
that  various  investigators  differ  in  opinions  derived  from  observations 
ui)on  different  sets  of  soils.  Thus  Lloyd,§  states  that,  with  rare 
exceptions,  soils  containing  2  per  cent,  of  lime  will  not  i-e(iuire  liming; 
that  soils  containing  0.5  to  2  per  cent,  are  usually  benefitted  by 
liming,  and  that  it  is  indispensable  to  the  profitable  farming  of  soils 
containing  less  than  0.5  per  cent,  of  lime. 

Hilgardll  says  that  to  manifest  itself  unequivocally  in  the  tree 
growth,  lime  should  not  fall  much  below  0.1  per  cent,  in  the  lightest 

*Mergel  u.  Meigeln,  1893,  23. 
jlrf  Calcaire,  268. 

tReport  R.  I.  Agr.  Exp.  Station.  1S05,  240. 
^Science  of  Agriculture,  1884,  111. 
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sandy  soil,  0.25  in  clay  loams,  or  0.5  in  heavy  clays,  and  may  advant- 
ageously rise  to  1  or  even  2  per  cent.;  beyond  this,  it  does  not  affect 
the  soil  favorably  except  in  its  physical  characters.  This  writer*  has 
observed  that  on  sandy  lands  containing  0.04  to  0.13  per  cent,  of  lime, 
having  a  depth  of  eight  inches  of  surface  soil,  the  long-leaf  pine  which 
grows  naturally  upon  it  is,  upon  the  application  of  lime,  supplanted 
by  a  growth  of  oaks. 

R.  Heinrichf  claims  that  a  good  soil  should  contain  at  least  0.2  to 
O.y  per  cent,  of  lime  and  that  liming  is  certainly  required  when  the 
pnoportiou  falls  to  0.1  per  cent.,  and,  in  case  of  a  heavy  soil,  it  is 
needful  before  the  amount  has  been  reduced  to  0.1  per  cent.;  when 
0.15  per  cent,  is  present,  liming  does  not  lead  to  an  increased  growth 
of  rye,  oats  or  potatoes,  and  when  0.3  per  cent,  is  present,  liming  or 
marling  is  without  beneficial  result.  The  same  investigator,  in  an 
earlier  portion  of  his  memoir,  relates  the  result  of  experiments  in  the 
culture  of  various  plants  in  soils  to  which  different  proportions  of 
lime  have  been  added;  he  concludes  that: 

Lime  (CaO)  In  soil. 
(Percent.) 

Lupine  grow  well  with,   0.03  to  0.05 

Potatoes  and  rye  yield  good  crops,  under  good  tillage, 

with  as  little  as,    0.05 

Peas  and  vetches  die  with  less  than,   0.10 

but  do  quite  well  with  this  proportion. 
Red  clover  grows  quite  well  with,   0.1  to  0.12 

but  dies  with  less  than  0.1  per  cent,  and  does  best 
with  0.2  or  more. 

LOSS  OP  LIME  BY  CROPPING. 

A  number  of  calculations  have  been  made  to  show  the  outgo  of  lime 
in  farm  products.  Thus  King,!  assuming  a  three-course  rotation  of 
corn,  clover  and  oats  to  be  followed  for  one  hundred  years,  each  with 
a  total  product  of  two  tons  per  acre  per  annum,  the  hay  and  straw 
being  returned  to  the  soil,  but  the  grain,  or  its  equivalent  being  sold, 
finds  that  the  hay  and  straw  would  contain  3,102  lbs.  of  lime,  and  the 
grain  only  86  lbs.,  so  that  with  an  average  of  1.88  tons  of  lime  in 
the  surface  foot  of  soil,  this  alone  would  supply  the  needed  lime  for 
over  4,000  years,  were  there  no  other  loss,  without  the  aid  of  the 
lime  present  in  the  subsoil,  which  is  more  or  less  drawn  upon  by  the 
roots  of  the  crops. 

Or,  assuming  a  four-course  rotation  of  corn,  oats,  wheat  and  mixed 
clover  and  timothy,  producing  average  crops  of  the  quantities  men- 
tioned in  an  earlier  table  (pages  54-55),  assuming  that  all  the 
wheat,  half  the  oats,  one-third  of  the  corn  and  one-fourth  of  the 
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hay  were  sold,  the  remainder  of  the  crops  beiug  fed  upon  the  farm; 
that  one  cow  were  kept  for  each  two  acres  under  cultivation,  yielding 
7,000  lbs.  of  milk  sold  off  the  farm  each  year  and  that  for  each  cow 
there  were  bought  750  lbs.  of  cotton-seed  meal  and  1,500  lbs.  of  bran 
each  year,  the  outgo  would  be,  for  each  acre: 

Lime  (Lbs.} 

In  wheat  (61-  bushels),   '*  ■  p 

In  oats  (6|  bushels),   '^-20 

In  corn  (4  1-6  bushels)   '•  •^'^ 

In  hay  (220  lbs.),   2.98 

In  milk  (3,500  lbs.,  at  2  lbs.  of  lime  per  1,000  lbs. 

milk),    '^•0^^ 

  10.47 

The  income  would  be: 

In  375  lbs.  cotton-seed  meal,    0-68 

In  750  lbs.  wheat  bran,   1-27 

  2.95 

Net  annual  outgo  by  cropping,   '''•52 


LIME  ADDED  IN  FERTILIZERS. 

On  the  other  hand,  the  manurial  substances  brought  upon  the  farm 
for  the  purpose  of  supplying  nitrogen,  phosphoric  acid,  potash  and 
other  substances  commonly  contain  also  considerable  quantities  of 
lime. 

Thus,  in  a  ton  of  the  following  substances  lime  is  contained  in  the 
quantities  and  states  of  combination  indicated: 


TABLE  V— Amounts  of  Lime  in  Various  Fertilizers. 


Substance. 


Ashes  (lime  kiln)  

Ashes,  wood,  leached,  ... 
Ashes,  wood,  unleached, 

Bone  ash  

Bone  meal,  

Cottonseed  hull  ashes,  ... 

Gas  lime  

Kaini 


Kieserit  

Marls  

Land  plaster,  Cayuga  

Land  plaster.  Nova  Scotia  

South  Carolina  rock,  ground  

South  Caiolina  rock,  dissolved. 

Tannery  ashes  

Tobacco  stalks  

Tobacco  stems,   

Thomas  slag  phosphate,   


Lime  compound. 


Caustic  lime  and  carbonate. 
Carbonate  and  phosphate.  .. 
Carbonate  and  phosphate,  .. 

Phosphate  

Phosphate  

Carbonate  and  phosphate,  .. 

Carbonate  and  sulfate  

Chlorid  and  sulfate,   

Chlorid  and  sulfate  

Carbonate  and  phosphate,  . . 

Sulfate  and  carbonate,   

Sulfate  and  carbonate  

Phosphate  and  carbonate,  . . 

Phosphate  and  sulfate,   

Carbonate  and  phosphate,  .. 

Nitrate,  malate,  etc  

Nitrate,  malate,  etc  

Phosphate  and  oxid  


Pounds 
of 
lime. 


970 
560 
680 
900 
640 
190 
S80 
23 
56 
0-900 
SOO-SSO 

s:o 

840 

420(about) 
680 
44 
S4 
970 


With  every  pound  of  phosphoric  acid  applied  in  the  ordinary  forms 
of  commercial  fertilizer,  the  presence  of  at  least  1^-  lbs.  of  lime  is  as- 
sured. 
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From  these  facts  it  is  cleai'  that  iu  an  application  of  200  lbs.  of  dis- 
solved vSouth  Carolina  rock,  fully  40  lbs.  of  lime  is  added  to  the  soil, 
an  amount  several  times  j;reater  than  (hat  removed  iu  a  single  year 
by  the  crops  sold  off  from  the  acre. 


INFLUENCES  OF  LIMING  UPON  SOILS  AND  THE  VALUE  OF 

MAGNESIAN  LIMES 


Having  noted  the  quantities  and  conditions  in  which  lime  occurs 
naturally  in  the  soil,  and  the  ways  in  which  it  is  lost  or  increased  by 
the  processes  of  cropping  and  chemical  manuring,  it  remains  to  con- 
sider the  changes  wrought  in  the  soil  by  the  application  of  lime. 

CLASSES  OF  EFFECTS  OF  LIMING. 

Numerous  observations  and  investigations  have  shown  that  the 
direct  and  indirect  results  of  liming  are  quite  numerous  and  complex, 
instead  of  being  few  and  simple.  The  various  results  may,  however, 
be  grouped  as  those  which  affect: 

K.  The  mechanical  condition  of  the  soil; 

B.  Its  chemical  composition  particularly  as  regards 

1.  The  kind  and  proportion  of  available  plant  food  it  contains. 

2.  The  i)resence  of  substances  injurious  to  plant  life. 

C.  The  biological  characters  of  the  soil;  i.  e.,  the  nature  and  vigor 
of  the  organisms  living  in  it  and  of  the  plants  growing  upon  it. 

These  different  effects  of  liming  will  be  discussed  in  the  following 
paragraphs,  free  use  being  made  of  the  numerous  observations  and 
experiments  made  elsewhere  upon  the  subject;  but  the  effects  of  lime 
upon  a  number  of  Pennsylvania  soils  that  have  shown  in  practice 
very  marked  benefits  from  liming,  will  be  presented  so  far  as  they 
are  indicated  b,y  the  I'esults  of  careful  laboratory  investigations  made 
by  the  writer,  with  tlu^  aid  of  his  assistants  in  the  Chemical  Labora- 
tory of  The  Pennsylvania  State  College  Experiment  Station. 

SUPPOSED  INJURIOUS  EFFECTS  FROM  MAGNESIAN  LIMES. 

It  was  thought  desirable  to  study,  at  the  same  time,  the  effect  of 
caustic  magnesia  upon  these  soils,  for  the  reasons  that  a  very  large 
proportion  of  Pennsylvania  limes  are  magnesian  and  that  the  general 
opinion  of  agricultural  wi  itei-s  has  been  that  highly  magnesian  limes 
may  \w{  only  be  of  little  use,  but  may  even  prove  positively  injurious 
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to  the  crops.  Thus,  Lloyd*  states  that  lime  is  the  only  material  of 
value  in  burnt  lime  and  applies  the  adjective  "bad"  to  a  lime  contain- 
ing GO  per  cent,  of  lime  and  30  per  cent,  of  magnesia.  Lowf  says 
of  the  magnesian  limestone  of  England:  "If  applied,  after  being  cal- 
cined, in  the  same  (piantity  as  other  limes,  it  produces  a  temporary 
sterility,  burning,  as  it  were,  the  soil;  hence,  it  is  termed  hot  lime 
and  is  applied  in  much  smaller  quantity  than  other  kinds  of  lime." 
This  action  he  attributes,  after  Sir  Humphrey  Davy,  to  the  longer 
period  of  causticity  commonly  supposed  to  occur  with  magnesia.  In 
the  form  of  carbonate,  he  says,  "magnesia  seems  to  exercise  a  highly 
favorable  action;  and  magnesian  limestone  may  perhaps  be  regarded 
as  the  most  valuable  of  any,  since  a  smaller  quantity  of  it  suflflces 
for  the  ends  proposed.  No  other  limestone  is  so  efficient  in  the  case 
of  peaty  soils,  and  it  is  probable  that  the  superiority  observed  in  the 
case  of  the  limestone  of  the  coal  formation  over  that  of  the  pure  chalk 
is  due  to  the  presence  of  this  earth." 

Prof.  Geo.  H.  Cook,!  late  geologist  of  the  State  of  New  Jersey,  and 
Director  of  the  New  Jersey  Experiment  Stations,  says,  in  speaking  of 
limes:  '"It  is  doubtful  whether  magnesia  has  any  fertilizing  proper- 
ties, and  it  is  thought  by  many  that  it  is  a  loss  to  buy  and  handle 
magnesian  limes." 

P.  P.  Deherain,§  speaking  of  hydraulic  limes  in  general  rather  than 
of  magnesian  limes  simply,  says  they  will,  if  spread  upon  the  soil 
without  previous  complete  exposure  to  the  air,  form  a  hard  layer  upon 
the  soil  during  the  first  rain  and  become  injurious  rather  than  useful. 

J.  Boehm's||  observation  that  carbonate  of  magnesia  is  unable  to 
take  the  place  of  lime  in  promoting  healthy  germination  but  is,  in- 
stead, positively  poisonous,  has  already  been  noted. 

R.  Heinrich,**  having  observed  injury  resulting  from  the  effect  of 
calcium  carbonate  upon  the  growth  of  the  lupin,  states  that  mag- 
nesium carbonate  is  far  more  injurious,  the  presence  of  0.5  being 
sufficient  to  entirely  prevent  the  growth  of  the  plant.  The  same 
writerft  says:  "It  is  suspected  that  applied  in  considerable  quantity, 
so  that,  especially,  the  magnesia  exceeds  the  amount  of  lime  in  the 
soil,  it  is  as  deadly  to  some  plants  as  lime  carbonate  is  to  lupins. 
Different  plants  show  different  sensitiveness  to  the  magnesia  content 
of  the  soil.  Most  dolomitic  rocks  contain  far  more  lime  than  mag- 
nesia; no  immediate  injury,  therefore,  results  from  their  use,  but 
because  lime  is  more  freely  dissolved  out  of  the  surface  soil  than 
magnesia  is,  the  injurious  effect  may  be  seen  later  when  the  magnesia 

•Science  of  Agriculture,  113. 

fPractical  Agriculture  (4th  ed.,  1843),  SS.  ~ 
tN.  J.  Agr.  Exp.  Station,  2d  Ann  Rep.,  31. 
IChimie  agriccle,  520. 

1 1  Ann.  agronomiques,   1,  470.  ,  , 

**Mergel  u  Mergeln,  63. 
ttl''.  p.  31. 


70 

comes  to  be  in  excess.  The  injury  from  caustic  magnesia  is  clearly 
established,  but  further  investigation  is  needed  regarding  the  effect 
of  the  carbonate." 

The  subject  is  quite  fully  discussed  by  Storer,*  who  notes  that  it 
was  early  observed  by  English  chemists  that  certain  limestonete 
which  had  sometimes  been  found  in  practice  to  injure  crops,  contained 
magnesia,  and  that  Tennant,  on  applying  calcined  magnesia  to  vari- 
ous soils  with  different  crops,  found  that  his  plants  either  died,  were 
unhealthy  or  vegetated  very  imperfectly;  also,  that  Knop  found, 
in  growing  plants  by  water  culture  (i.  e.,  in  very  dilute  solutions  of 
plant  foods),  that  magnesium  salts  are  distinctly  harmful  unless  ac- 
companied by  abundance  of  lime,  potash  or  ammonia  salts;  by  them- 
selves, the  magnesium  salts  caused  peculiar  malformations  of  the 
plant  roots,  followed  shortly  by  the  death  of  the  plants. 

Storer  notes,  on  the  other  hand,  that  Sir  Humphry  Davy  found  that 
the  very  magnesian  limestones  to  which  objection  was  made,  gave 
very  beneficial  results  on  certain  soils  and  that  magnesia,  though 
injurious  when  present  in  caustic  condition  in  considerable  quantity  in 
ordinary  soils,  may  be  beneficial  when  mixed  with  peat  or  when  pres- 
ent as  carbonate.  He  also  notes  Stockhardt  found,  in  the  limestones 
producing  the  best  results  and  most  enduring  upon  the  lowlands  of 
Saxony,  as  much  as  40  per  cent,  of  magnesia.  The  suggestion  is 
made  that  the  readier  solubility  of  magnesium  carbonte  in  the 
carbonated  soil-water  may  give  magnesian  limes  real  superiority 
over  pure  limes  as  ameliorants  of  heavy  land. 

Viala  and  Ravazf  have  observed  that  dolomitic  soils  are  not  nearly 
as  injurious  in  the  production  of  chlorosis  of  the  vine  as  are  more 
purely  calcareous  lands.  Bernard  suggests  that  this  is  due  to  the 
somewhat  greater  resistance  to  decomposition  offered  by  magnesium 
carbonate. 

O.  Kellnert  urges  that  Magnesia  is  useful  and  poisoning  of  the 
plant  by  it  is  the  result  simply  of  using  it  in  too  large  quantities. 

FUNCTIONS  OF  MAGNESIUM  IN  PLANTS. 

In  support  of  this  opinion  it  may  be  summarily  noted  in  this  connec- 
tion, as  established  by  numerous  experiments  by  the  methods  of 
water-culture  and  of  sand-culture,  that  magnesium  is  absolutely  in- 
dispensable to  the  growth  of  plants  to  full  maturity.  While  all  its 
functions  in  the  plant  are  not  known,  it  is  certainly  able  to  neutralize 
acids  as  lime  does,  though  it  does  not  form  crystallizable  compounds 
so  easily  thrown  out  of  circulation  as  calcium  carbonate  or  calcium 
oxalate.    Like  lime,  it  is  present  in  aleurone  grains  with  albuminoid 


•Agriculture,  4th  ed.,  1897.  II,  1S5-7. 
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materials  and  forms  alkaline  phosphates  which  may  aid  in  the  move- 
ment of  albuminoids  from  one  part  of  the  plant  to  another.  Its 
most  clearly  established  function,  however,  is  its  necessary  connec- 
tion with  the  formation  of  chlorophyll,  the  green  coloring  matter 
through  whose  agency,  under  the  action  of  sunlight,  the  plant  is 
enable  to  fix  the  carbonic  acid  of  the  air  in  its  leaves  in  the  form  of 
sugar,  starch  or  oil.  A^on  Eaumer*  found  that  in  the  scarlet  runner, 
when  deprived  of  magnesium,  the  uppermost  joints  soon  ceased  to 
lengthen,  became  exceptionally  thick  and  hard  and  showed  only 
the  faintest  green  tint,  the  color  being  almost  white.  Hoppe-Seylert 
found  in  the  pure  crystallized  chlorophyllan  obtained  from  grass, 
0.34  per  cent,  of  magnesia;  and  chlorophyllan  appears  to  be  closely 
related  to  the  ordinary  chlorophyll. 

USE  OF  MAGNESIUM  SULFATE  AS  A  FERTILIZER. 

A  second  fact  in  support  of  this  opinion  is  the  good  result  occa- 
sionally attending  the  use  as  a  fertilizer  of  magnesium  sulfate  (Epsom 
salts)  in  the  form  of  the  Stassfurt  salts,  kieserit  and  krugit. 


PENTSrSYtVANIA  EXPERIMENTS. 

SOILS  EXPERIMENTED  UPON. 

The  soils  used  in  the  experiments  hereafter  described  were  carefully 
selected  to  represent  a  large  variety  of  the  soils  for  which  a  large  re- 
turn from  liming  was  claimed  by  various  correspondents.  The  source, 
nature,  response  to  liming  and  method  of  sampling  of  the  several  soils 
are  stated  below. 

I.  Ironstone  soil,  from  the  Spring-and-Meadow  Farm,  Washington 
Township,  York  County,  sampled  by  Mr.  L.  W.  Lighty,  East  Berlin, 
Adams  County,  Pa.  This  soil  formation  lies  between  strips  of  blue 
shale,  outside  of  which  are  found  red  shale  and  red  sandstone;  the 
ironstone  soil  is  about  three-fourths  of  a  mile  wide  and  extends  from 
the  Susquehanna  opposite  Marietta,  bearing  south  of  west,  passing 
south  of  Gettysburg.  The  soil  is  uneven  in  formation;  10  per  cent, 
of  it  is  a  whitish  clay  of  very  flue  texture,  runny  when  wet,  but  pow- 
dery, not  cloddy,  when  dry;  5  per  cent,  is  a  tough,  heavy,  cold  clay, 
mixed  with  a  small  proportion  of  coarse  sand;  this  soil  dries  very 
islowly  and  bakes  to  clods;  5  per  cent,  is  pure,  rather  coarse  sand 
mixed  with  flint  and  granite,  but  80  per  cent,  is  a  very  fine  sand,  mixed 
with  less  clay,  and  it  becomes  sticky  and  smeary  when  wet  and  dries 
slowly;  when  handled  properly  in  a  dry  condition,  it  works  very  nicely; 
washes  and  gullies  when  on  an  exposed  slope.  In  general,  the  soil  is 
a  fine,  grayish-yellow  sand.     It  is  very  deep,  sometimes  as  much  as 
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forty  feet.  Soil  taken  froin  far  below  tlie  surface  aud  spread  upon  the 
grouud,  supports  at  once  a  very  rank,  vigorous  vegetation,  and  is 
rarely  bare,  weeds  aud  briers  growing  rapidly  in  tbe  absence  of  crops. 
The  soil  bears  droughl.  very  well,  and  is  a  hard,  rough  soil,  but  re- 
sfjonds  well  to  treatment.    All  crops  and  trees  grow  well  upon  it. 

The  sample  was  taken  from  a  tract  of  four  acres,  having  a  surface 
soil  one  foot  deep,  with  a  sub  soil  similai-,  but  sharper  and  full  of 
boulders.  The  tract  was  rolling  upland,  rather  damp,  had  been 
long  under  cultivation  in  a  rotation  of  corn,  wheat  and  clover;  its 
production  is  about  15  bushels  of  wheat  and  60  bushels  of  ear  corn; 
its  plow  depth  is  about  10  inches.  Liming  alone  is  not  so  noticeably 
useful  as  its  application  in  connection  with  clover  sod  or  manure. 
The  soil  is  naturally  well  supplied  with  humus  and  rarely  becomes 
deficient  therein.  AMien  lime  is  applied  to  this  soil,  20  to  50  bushels 
makes  no  easily  apparent  change  in  its  condition;  if  more  than  50 
bushels  be  added,  the  soil  becomes  mortar-like  and  hard  to  handle. 
After  liming,  the  retentiveness  for  moisture  appears  to  be  increased. 
The  particular  tract  sampled  had  not  been  limed  for  at  least  forty 
years,  and  was  in  corn-stubble  when  the  sample  was  taken;  sub- 
samples  were  taken  of  the  surface  soil  at  twelve  ditferent  points, 
carefully  mixed  by  shoveling  over  and  passed  through  a  one-half  inch 
screen;  3  per  cent.,  consisting  of  roots  and  small  stones,  failed  to 
pass  the  screen.  Tiic  combined  samples  amounted  to  several  barrel- 
fuls. 

II.  Black  slate  .w/7,  from  Hopewell  Township,  Cumberland  County, 
Pa.,  about  five  miles  north  of  Shippensburg;  sampled  by  Hon.  S.  M. 
Wherry,  of  Bhippensburg.  This  soil  is  light,  easily  tilled,  easily 
affected  by  drought,  but  yielding  well  in  wet  seasons;  liable  to  wash. 
The  soil  grows  hickory,  all  kinds  of  oaks,  some  pines,  fall-grass,  rag- 
weed and  all  forms  of  briars,  and  is  especially  good  for  wheat.  The 
surface  soil  is  about  twelve  inches  deep,  although  the  plow-depth 
is  commonly  only  six  to  eight  inches.  The  sub-soil  is  hard,  black 
slate  or  red  shale.  Lime  seems  more  beneficial  upon  this  than  upon 
most  soils  in  the  locality.  The  tract  of  ten  acres  from  which  the 
sample  was  taken  had  never  been  limed,  but  was  an  old  soil  under  a 
rotation  of  corn,  oats,  wheat  and  grass.  Sub-samples  were  taken 
from  eight  points  in  the  tract,  to  a  total  weight  of  1,000  to  1,200 
pounds;  after  careful  mixing  the  soil  was  screened  and  about  one-half 
of  the  entire  amount — composed  of  sod,  roots  a.nd  large  pieces  of  slate 
— failed  to  pass  a  half-inch  mesh  screen. 

III.  I?erl  s/iale  from  Lykens  Valley,  Dauphin  County,  Pa.,  sampled 
by  Mr.  John  Moyer,  Gratz,  Pa.  This  soil  is  a  dry,  sloping  upland, 
with  surface  soil  of  fourteen  to  twenty  inches,  and  a  plow-depth  of 
six  or  seven  inches,  and  with  a  red  gravel  sub-soil.  The  soil  tends 
to  bake  and  solidfy  on  drying  so  as  to  greatly  injure  any  crop  growing 
upon  the  land.    The  golden  rod  and  plantain  are  the  most  conspieu- 
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ous  weeds,  and  wheat  grows  better  thau  other  crops,  but  the  soil  is 
not  naturally  strong;  the  fertility  after  the  use  of  lime,  with  manure, 
is  greatly  improved,  and  the  soil  is  kept  much  lighter  and  more 
porous.  The  twenty-acre  tract  from  which  the  sample  was  taken 
had  not  been  limed  for  at  least  twenty  years,  and.  before  that,  only 
infrequently  and  at  a  rate  of  not  more  than  fifty  bushels  per  acre. 
The  land  had  been  under  cultivation  foi-  a  hmg  time,  and  when 
sampled  was  in  corn;  ten  sub-samples  were  taken  at  different  points 
to  a  total  amount  of  four  bushels;  these  were  well  mixed  and  put 
through  a  one-fourth  inch  screen;  stones  and  roots  to  the  amount  of 
one-fourth  of  the  original  soil  were  separated. 

IV.  Limestone  clay  from  the  eastern  slope  of  the  limestone  strata 
running  through  Morrison's  Cove,  in  South  Waverly  Township.  Bed- 
ford County,  one  mile  from  Loysburg  Gap;  sampled  by  Mr.  J.  S. 
Biddle.  of  Loysburg,  Pa.  The  soil  is  a  very  heavy  "limestone"  clay, 
which  cannot  be  worked  wet  and  bakes  on  drying.  Rag  weed,  the 
wild  cherry  and  apple  and  clover  grow  vigorously  and  corn  does  very 
well.  The  soil  is  about  six  to  eight  inches  deep,  and  the  sub-soil  is 
heavy  clay  several  feet  deep.  Lime  loosens  it.  The  tract  of  two 
acres  from  which  the  sample  was  taken  was  dry.  sloping  upland  that 
had  been  under  cultivation  for  over  fifty  years  and  had  never  been 
limed;  sub-samples  were  taken  at  twelve  places  and  the  mixed  soil 
passed  through  a  one-quarter  inch  screen,  through  which  one-third 
of  the  weight  r-efused  to  pass,  composed  of  stone,  roots,  etc. 

7.  Glacial  loam  from  Scrubgrass  Township.  A^enango  County, 
sampled  by  Mr.  Ed.  Anderson,  of  Big  Bend.  Pa.  This  soil  is  loose, 
with  a  gravelly  sub-soil,  containing  a  little  clay;  wet  weather  does 
not  injuriously  affect  it.  The  prevailing  forest  growth  is  chestnut, 
and  produces  about  fifteen  bushels  of  wheat  to  the  acre.  The  sample 
was  taken  from  an  upland  tract  of  twenty-five  acres,  part  upland 
level,  part  slope;  sub-samples  were  taken  at  six  points  to  a  total 
weight  of  1.000  pounds.  Of  this,  one-third,  composed  of  small  stone, 
grass  roots,  etc.,  failed  to  pass  a  one-quarter  inch  screen.  This  land 
had  been  in  wheat  four  years  before  and  in  grass  since  then ;  the  soil 
was  old  and  had  never  been  limed. 

VI.  Much  soil  from  the  "sand  barrens"  of  Centre  County,  a  narrow 
strip  one-half  to  several  miles  in  Avidth.  extending  for  twenty-five  to 
thirty  miles  through  Mttany  Valley,  and  containing  many  small 
hollows,  more  or  less  filled  with  muck  and  sandy  wash.  The  sample 
was  taken  at  a  spot  about  two  and  one-half  miles  from  the  State 
College,  by  Mr.  W.  S.  Sweetser,  Assistant  Chemist  of  the  Experiment 
Station;  the  hollow  from  which  it  was  taken  was  150  to  200  square 
feet  in  area,  with  a  surface  of  much  five  to  six  inches  deep,  and  with  a 
sub-soil  of  almost  pure  sand.  The  vegetation  upon  the  surrounding 
tract  was  of  pine,  chestnut  and  oak.  The  soil  was  virgin,  of  course, 
and  ten  samples,  amounting  to  about  a  barrel,  were  taken.    Of  this, 
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one-tenth  only  was  too  coarse  to  pass  a  one-quarter  inch  mesh,  the 
coarse  material  being  composed  solely  of  sticks  and  roots. 

VII.  limestone  clay  soil  from  Nittany  Valley.  Centre  County,  on 
the  farm  of  Mr.  A.  Markle,  State  College,  Pa.,  representing  well  the 
large  soil  areas  forming  the  floor  of  central  Pennsylvania  valleys,  the 
soil  being  formed  from  the  Lower  Silurian  rocks.  This  soil  often  re- 
sponds very  well  to  liming,  the  texture  being  made  more  porous, 
and  crop  yields  considerably  higher.  The  characteristic  tree  is  the 
oak,  and  rag-weed  the  most  abundant  mid-summer  weed.  The 
sample  was  taken  by  Mr.  W.  S.  Sweetser,  from  a  field  of  one  acre  area 
that  had  never  been  limed;  it  was  in  corn  at  the  time,  forming  part 
of  the  ordinary  four-course  rotation.  The  situation  was  upland,  the 
soil  well  drained  naturally,  with  surface  soil  of  ten  inches  depth, 
and  a  usual  plow-depth  of  seven  to  eight  inches.  The  sub-samples 
were  taken  from  eleven  points  to  the  amount  of  a  barrel.  Of  this, 
4  per  cent,  only,  composed  of  small  stones  with  a  few  roots,  was  too 
coarse  to  pass  a  one-quarter  inch  mesh. 

VIII.  From  the  farm  of  Mr.  Mitchell  Bachle,  Blanchard,  Pa.,  Creek 
hottoin  loam..,  sampled  by  Mr.  C.  W.  Norris,  Assistant  Chemist  of  the 
Experiment  Station.  Soil  was  of  rather  light,  sandy  texture,  and  of 
light  color;  the  surface  of  the  ground  sloped  a  little  toward  the  soutii- 
east,  but  was  otherwise  quite  level.  The  land  was  cropped  witli 
clover,  had  been  long  cultivated  and  never  limed,  nor  has  it  been 
manured  for  seven  or  eight  years.  The  plow  depth  is  10  inches. 
Land  responds  well  to  liming.  The  tract  sampled  lay  near  the  creek, 
was  of  two  acres  area,  and  was  sampled  in  10  places.  Of  the  com- 
bined sub-samples,  little  more  than  2  per  cent.,  consisting  of  small 
stones  and  roots,  failed  to  pass  a  screen  of  one-quarter  inch  mesh. 

IX.  Red  shale  soil  from  the  farm  of  Mr.  David  Mapes,  about  two 
miles  west  of  Beech  Creek,  Clinton  County.  The  soil  is  especially 
productive  of  clover  and  the  plaintain  was  the  most  conspicuous  weed 
upon  the  tract  sampled.  The  effect  of  liming  is  to  loosen  the  soil 
and  greatly  improve  the  yield.  The  tract  was  sloping  upland,  dry, 
with  a  surface  soil  ten  inches  deep,  and  a  hard  red-shale  sub-soil;  the 
plow-depth  was  eight  inches.  The  field  had  been  in  cultivation  for 
twenty  years  in  the  ordinary  four-course  rotation  and  is  not  known  to 
have  been  limed.  Over  an  area  of  two  to  three  acres,  sub-samples 
were  taken  at  thirteen  places  to  the  amount  of  700  pounds.  Of  this, 
37  per  cent.,  composed  of  small,  flat  stones,  failed  to  pass  a  one-quarter 
inch  mesh. 

CHEMICAL  ANALYSIS. 

Of  each  of  the  samples  thus  collected,  a  large  portion  was  carefully 
air-dried  in  a  drying-closet,  the  sample  allowed  to  remain  exposed  for 
some  time  to  the  air  of  the  laboratory  and  then  carefully  sifted 
through  a  one-half  millimeter  seive  to  remove  gravel,  roots,  etc.  Of 
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these  various  samples  the  following  proportions  were  able  to  pass  the 
seive,  the  figures  for  Samples  VI  and  VII  having  failed  to  be  pre- 
served : 


In  preparing  a  solution  of  these  soils  for  the  purpose  of  determining 
in  part  the  materials  capable  of  solution  in  hydrochloric  acid  of  1.115 
specific  gravity— the  solvent  customarily  employed  in  soil  analyses 
and  supposed  to  indicate  the  kind  and  amount  of  material  capable 
of  being  taken  up  by  plants  sooner  or  later  as  the  land  is  cropped— 
the  following  method  was  used:  Ten  grammes  of  the  air-dry  soil 
were  introduced  into  a  small  flask,  100  c.  c.  of  the  acid  added,  the 
flask  connected  with  a  reflux  condenser  and  digested  for  ten  hours  on 
a  water-bath  at  the  temperature  of  boiling  water.  The  flask  was 
cooled,  the  liquid  filtered  off  from  the  undissolved  residue,  the  filtrate 
evaporated  to  dryness.  The  soluble  silica  present  in  the  original 
acid  solution  having  been  thus  rendered  insoluble,  the  other  substances 
were  redissolved  in  a  few  drops  of  hydrochloric  acid  and  hot  water 
and  the  solution  filtered.  The  filtrate  was  made  up  to  500  c.  c,  and 
various  portions  of  it  used  for  determining  several  of  the  soil  con- 
stituents by  the  official  methods  of  the  Association  of  Official  Agricul- 
tural Chemists  of  the  United  States. 

LIME  AND  MAGNESIUM  CARBONATES  IN  THE  SOILS. 

In  the  following  table  are  given  the  percentages  of  hygroscopic 
moisture,  lime,  magnesia  and  carbonic  acid  present  in  the  several 
soils;  also,  the  proportions  of  the  lime  present  in  the  form  of  car- 
bonate; these  determinations  were  made  by  Mr.  C.  W.  Norris,  Assist- 
ant Chemist;  in  no  case  was  the  carbonic  acid  liberated  on  warming 
the  soil  with  dilute  acid,  sufficient  to  combine  with  all  the  lime  pres- 
ent, much  less  with  the  magnesia  also. 


Per  cent. 


I,  ... 

II,  . 
Ill, 
IV, 

V,  . 
VIII 
IX, 


78.4 
50.0 
75.1 
77.1 
88.6 
89.7 
79.1 
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TABLE  VI — Lime,  Mag-nesia  and  Carbonic  Acid  in  Soils.    (Per  Cent.) 


Soil. 

Hygroscopic  moisture. 

p 

3 

Magnesia. 

Carbonic  acid. 

Proportion     of  lime 
combined  as  carbon- 
ate. 

I,   

2.37 

0.S3 

0.V5 

0.034 

5.1 

II  

2.00 

0.24 

0.71 

0.039 

20.4 

Ill  

1.39 

0.25 

0.43 

0.035 

17.5 

IV  

1.64 

0.29 

0.44 

O.044 

19.0 

V  

1.96 

0.08 

0.19 

O.0'25 

3S.S 

VI  

4.S5 

0.11 

0.10 

0.046 

53.6 

VII  

1.36 

0.26 

0.35 

0.039 

19.2 

VIII  

1.49 

0.29 

0.45 

0.030 

13.3 

1.73 

0.28 

0.69 

0.048 

21.8 

The  variations  in  hygroscopic  moisture  are  evidently  too  slight 
to  introduce  any  material  error  in  conclusions  drawn  from  a  direct 
compai'ison  of  the  foregoing  figures. 

It  is  interesting  to  observe  that  only  in  the  case  of  the  glacial  loam, 
No.  V,  and  of  the  muck  soil.  No.  VI,  are  the  proportions  of  lime  less 
than  0.2  per  cent.,  the  amount  considered  suificient  for  the  food  supply 
of  agricultural  plants.  Yet,  exce^jt  in  case  of  the  ironstone  soil,  the 
proportions  are  not  far  above  this  requisite  proportion. 

In  every  instance  except  those  of  No.  I  and  No.  VI,  the  ironstone 
and  muck  soils  respectively,  the  percentage  of  magnesia  in  the  soil  is 
appreciably  greater  than  that  of  lime;  and  in  the  exceptional  soils 
indicated  the  lime  is  barely  more  than  equal  to  the  magnesia. 

Except  in  the  muck  soil,  only  a  small  part  of  the  alkaline  earths 
are  present  as  carbonates;*  in  most  instances,  not  more  than  20  j)er 
cent,  of  the  lime  is  so  combined,  and  in  the  ironstone  soil  only  5  per 
cent.  Doubtless  a  very  considerable  part  of  that  dissolved  is  present 
in  tlie  soils  in  the  form  of  silicates. 

RATIO  OF  LIME  TO  MAGNESIA. 

Concerning  the  proportions  which  the  magnesia  bears  to  the  lime 
in  these  soils,  it  may  be  further  remarked  that  the  excess  of  magnesia 
here  observed  is  not  at  all  unusual;  the  mean  percentage  of  lime  iu 
IOC  non-calcareous  soils  from  humid  regions  that  were  analyzed  by 
Ililgard,  was  0.108  per  cent.,  while  that  of  magnesia  was  0.22.5  per 
cent.;  in  313  soils  from  arid  regions,  the  average  lime  content  was 
1.362  per  cent.;  that  of  magnesia,  1.411  per  cent. 

*Much  care  was  used  in  determining  tlie  carbonic  acid:  20  grammes  of  the  fine,  air-dry  soil 
was  introduced  into  a  small  flask,  covered  with  freshly  boiled  water  and  thoroughly  moistened 
by  agitation.  The  flask  was  then  connected  with  such  absorption  apparatus  that  the  air  entering 
the  flask  is  free  from  carbonic  acid,  while  any  of  this  gas  liberated  from  the  soil  is  absorbed, 
after  the  air  has  been  dried,  in  a  special  weighed  portion  of  the  apparatus,  from  whose  increased 
weight  the  quantity  of  carbonic  acid  is  ascertained.  40  c.c.  of  concentrated  hydrochloric  acid 
was  then  introduced  into  the  fla.sk,  its  contents  heated  to  boiling  and  the  air  drawn  through  the 
apparatus  for  15  m.inutes  as  the  flask  cooled. 
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In  view  of  tbese  facts,  it  is  unsafe  to  conclude  tliat  an  excess  of 
magnesia  soluble  in  liydi'ocliloi'ic  acid  of  1.115  specific  gravity  is  in- 
dicative of  a  condition  of  tlie  soil  whereby  pronounced  injury  must 
result  to  crops  growing  upon  it.  It  is  more  probable  that  the  sup- 
post'd  injurious  action  must  be  atli  ibuted  to  the  presence  in  excess 
of  some  particular  magnesian  compound  or  compounds,  rather  than 
of  magnesian  compounds  in  general. 

The  mere  fact  that  the  composition  of  large  agricultural  areas  rep- 
resented by  the  above  analyses  shows  an  average  preponderance  of 
magnesia  over  lime,  does  not,  of  course,  preclude  the  possibility  that 
a  reverse  relation  of  the  acid  soluble  portion  of  these  two  soil  com- 
ponents might  prove  more  advantageous  to  plants  grown  under  the 
artificial  conditions  of  agriculture.  There  is,  however,  no  warrant 
in  existing  knowledge  upon  the  subject  for  concluding  that  any  part 
of  the  benefits  observed  to  result  from  the  application  of  lime  to 
the  several  soils  experimented  upon,  arises  from  a  change  in  the 
ratio  between  the  magnesia  and  lime  present.  It  is  noteworthy,  how- 
ever, that  where  the  differences  in  percentage  between  the  two  are 
only  slight,  no  unusual  application  of  lime  would  be  requii'ed  to  over- 
come it;  thus,  for  each  0.1  pei*  cent,  of  excess  of  magnesia  over  lime, 
an  application  of  little  more  than  a  ton  of  pure  lime  per  acre  would 
equalize  the  amounts  of  these  substances  in  the  surface  soil  taken 
to  a  depth  of  eight  inches;  whereas,  applications  of  ten  tons  io  the 
acre  are  not  very  infrequent. 


Physical  and  Chemical  Effects  of  Applications  of  Lime  and  Magnesia. 


DETAILED  PLAN  OF  EXPERIMENT. 

Owing  to  the  difficulty  of  detecting  by  analysis  minor  changes  in 
the  composition  of  soils,  a  maxi)num  application  was  determined 
upon.  Two  hundred  bushels  of  the  heavier  stone  lime  would  weigh 
about  lS,Ot)0  lbs.;  assuming  the  dry  surface  soil  to  weigh  :^,(;00.00() 
lbs.  per  acre,  taken  to  the  depth  of  a  foot,  such  an  application  would 
correspond  to  1  lb.  of  lime  to  each  200  lbs.  of  soil.  As  the  mechanical 
mixture  of  the  soil  and  lime  is  not  perfect  under  the  usual  conditions 
of  liming,  it  doubtless  happens  quite  often  that  the  immediate  influ- 
ence of  the  lime  applied  is  limited  to  a  zone  of  three  or  four  inches 
depth.  Under  laboratory  conditions,  the  admixture  is  much  more 
perfect,  so  4hat  the  above  proportion  need  not  be  considered  as  ex- 
cessive in  such  degree  as  to  impair  the  value  of  any  results  ol»tained. 

Both  the  lime  and  magnesia  were  chemically  pure,  and  pei-fectly 
caustic;  only  freshly  ignited  materials,  cooled  under  conditions  that 
precluded  air-slaking,  were  used. 
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As  it  was  considered  i)robable  that  the  chief  effects  would  be  those 
resulting  from  chemical  reactions  produced  by  the  lime  and  magnesia 
respectively,  the  latter  was  not  employed  in  quantity  equal  to  the 
lime,  but  in  such  ajnouut  as  would  be  chemically  equivalent  to  it, 
viz:  40  parts  of  magnesia  to  50  parts  of  lime. 

The  quantity  of  soil  used  was  2,000  grammes. 

Three  treatments  were  given  to  as  many  portions  of  the  several 
soils. 

A.  Preservation  in  a  moist  condition  without  any  admixture. 

B.  Mixture  with  10  grammes  of  lime,  and  preservation  in  a  moifit 
condition. 

C.  Mixture  with  7.14  grammes  of  magnesia,  and  preservation  in  a 
moist  condition. 

The  lime  and  magnesia  were  thoroughly  mixed  with  the  soils,  both 
being  in  dry  condition. 

The  dry  soils  subjected  to  the  several  treatments  were  then  intro- 
duced into  large  bottles,  so  covered  as  to  protect  their  contents  from 
the  ready  entrance  of  dust,  insects,  etc.,  but  without  preventing  a 
constant  change  of  the  air  in  the  bottles.  The  soils  were  then  care- 
fully moistened  without  stirring,  placed  in  a  basement  room  and 
kept  there  for  ten  months.  During  the  first  three  months  water  was 
added  in  small  quantities,  to  maintain  a  uniform  condition  of  moist- 
ness  so  far  as  the  eye  could  determine.  At  the  close  of  the  ten- 
month  period,  the  soils  were  air-dried,  again  sifted  through  a  one- 
half  mm,  seive,  as  at  first,  and  preserved  in  sealed  jars  pending 
analysis. 


Mkchanical  Effects  of  Liming. 


INFLUENCE  UPON  CLAY  SOILS  TO  INCREASE  POROSITY. 

It  is  a  matter  of  almost  universal  comment  that  the  application  of 
lime  to  a  "runny"  or  heavy  clay  results  in  a  marked  increase  in  the 
porosity,  lightness  and  crumbly  character  which  are  essential  to  a 
soil  fit  for  the  highest  tillage.  Indeed,  so  marked  is  the  influence  of 
.lime  upon  such  soils  that,  in  some  localities,  it  is  asserted  that  only 
upon  heavy  clay  land  is  lime  ever  beneficial.  To  reach  an  under- 
standing of  this  efi^ect  of  lime,  it  is  needful  to  consider  the  essential 
differences  between  the  heavy  clay  and  the  lighter  soils.  The  terms 
"heavy"  and  "light,"  as  used  in  this  connection,  do  not  refer  to  weight, 
because  a  cubic  foot  of  dry  sand  weighs  about  110  lbs.,  while 
a  cubic  foot  of  clay,  taken  from  "heavy"  land,  often  weighs 
only  about  80  lbs.  Eeference  is  had  instead  to  the  draught  re- 
quired for  their  tillage,  the  adhesiveness  and  strong  coherence  of 
the  clays,  greatly  increasing  the  power  necessary  to  draw  the  plow 
through  them  as  contrasted  with  sandy  soils. 
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MECHANICAL  CHARACTER  OF  CLAY  SOILS. 

These  ditf  erences  are  due  chiefly  to  the  texture  of  the  soil  or,  in  other 
words,  to  its  mechanical  structure.  All  soils  are  composed  of  more 
or  less  finely  sub-divided  minerals  resulting  from  the  weathering  of 
the  rock  from  which  the  soils  were  derived,  with  more  or  less 
"humus,-'  or  decayed  vegetable  matter  admixed.  A  separation  of  the 
fine  and  coarse  particles  in  various  soils  shows  them  to  be  vastly 
different  in  the  proportions  of  the  particles  of  various  diameters 
which  they  contain.  The  following  data  obtained  by  Whitney,*  in 
examination  of  the  coarse  "pine  barrens"  and  heavy  Helderberg 
limestone  clay  soils  of  Maryland,  will  serve  to  illustrate  the  me- 
chanical differences  between  the  two  types  of  soil  (all  material  coarser 
than  two  mm.  having  been  first  removed  by  sifting): 


Number  of  grains  per  gramme  of  soil  (millions)  

Surface  area  of  the  particles  in  1  gramme  of  soil  (in  centimeters), 

Empty  space  in  the  dry  soils  (per  cent.)  

Water  content  when  saturated  (per  cent.)  


1,692 
496 
40 
20.1 


19,638 
4,&75 
65 
41.2 


It  is  clear,  therefore,  that  the  number  of  grains  in  a  given  weight 
of  clay  soil  is  very  much  greater  than  in  the  same  amount  of  a  sandy 
soil,  and,  consequently,  that  the  average  diameters  of  the  clay  par- 
ticles must  be  much  less  than  those  of  the  sand  grains.  It  is  further 
clear  that,  since  the  density  of  the  minerals  composing  sand  and  clay 
are  much  the  same,  a  dry  clay  soil  weighing  less  than  a  sandy  one, 
the  arrangement  of  particles  in  the  clay  must  be  such  as  to  leave 
more  emjjty  space,  and  direct  examinations  of  the  soils  in  the  field 
show  this  to  be  true.  A  clay  soil  will,  when  saturated,  hold  more 
water  than  a  sand.  Owing  to  the  fineness  of  pores  in  a  clay  soil, 
water  will  be  lifted  higher  in  it  by  capillary  action,  will  be  pulled  out 
of  or  through  it  more  slowly  by  the  infiuence  of  gravity  and,  when  the 
soil  is  dry,  will  distribute  more  slowly  through  it.  It  is,  therefore, 
characteristic  of  clay  soils  to  be  more  moist  than  sandy  soils  in  damp 
weather,  to  dry  more  slowly  in  spring  time,  to  swell  on  becoming 
moist  after  a  dry  season,  to  heave  on  freezing  by  expansion  of  the 
water  contained  and  to  bake  into  a  hard  mass  on  drying.  In  such 
compact  soils,  the  roots  of  plants  penetrate  with  difficulty,  the  roots 
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are  broken  by  the  lieaviug  dui-iug  the  winter's  frost  and  phiuts  suffer 
from  excesshe  wetness  and  coolness  of  the  soil  in  spring  time  and 
from  excessi\e  droughts  in  summer. 

Furthermore,  if  such  soils  are  tramjiled,  jjressed  by  the  plow  share 
or  kneaded  in  any  way,  the  arrangement  of  the  particles  is  changed 
and  the  clay  is  said  to  be  '•i)uddled.""  In  such  condition  water,  even 
under  high  pressure,  scarcely  passes  through  it;  upon  drying,  it  bakes 
in  the  form  of  hard  clods;  it  is  readily  gullied  by  running  water, 
making  the  streams  highly  muddy.  The  tillage  of  such  land  requires 
the  greatest  care. 

The  plasticity  that  is  characteristic  of  clay  soils  is  by  some  at- 
tributed to  a  gummy,  or  "colloidal,"  cementing  substance,  probably 
a  silicate  of  alumina;  by  others  it  is  urged  that  the  very  fineness  of 
the  pai'ticles  is  in  itself  sulflcient  to  account  for  this  quality.  There 
is  some  evidence  that  both  are  in  part  correct. 

FLOCULATION  OF  CLAYS. 

When  the  extremely  fine  silt  or  mud  from  certain  clays  is  suspended 
in  rain  water,  it  often  settles  out  only  very  slowly.  Prof.  Wm.  H. 
Brewer,  of  Yale  University,  in  a  })rivate  communication,  informed  the 
writer  that  a  sample  taken  by  him  from  the  muddy  waters  of  the 
Missouri  river  and  placed  on  a  sludf,  where  it  was  free  from  agitation, 
failed  to  settle  cleai-  even  after  six  months  had  elapsed. 

If,  however,  certain  saline  solutions  are  admixed  with  the  muddy 
water,  the  precipitation  of  the  silt  is  greatly  hastened.  This  is  ac- 
counted for  upon  the  supposition  that  several  of  the  fine  particles  are 
made  under  the  influence  of  these  solutions,  to  cohere,  in  light  flocks, 
whereby  their  surface  is  diminished  and  they  settle  out  from  the 
liquid  more  readily.  Thus,  when  the  muddy  waters  of  the  Mississippi 
encounter  the  waters  of  the  Gulf,  the  salts  in  the  latter  bring  about 
the  "flocculation,"  as  this  change  in  condition  is  termed,  and  the  silt 
deposits  to  form  the  great  delta  which  is  ever  pushing  out  into  the 
Gulf. 

On  examining  the  flocculating  power  of  various  substances, 
Schlosing*  found  that  quick-lime  and  the  various  salts  of  lime  were 
the  most  active  flocculants,  magnesium  salts  nearly  as  effective, 
potassium  salts  weaker  and  the  salts  of  sodium  and  ammonium  still 
weaker.  In  some  cases,  two  parts  of  lime  in  the  form  of  chlorid, 
nitrate  or  sulfate,  caused  immediate  flocculation  in  10,000  parts  of 
tui-bid,  clayey  liquid. 

Hilgard  has  repeated  Schlosing's  experiments  with  like  resulls. 

The  action  of  these  flocculants  upon  a  "runny"  clay  soil  likewise 
results  in  its  granulation  or  flocculation.    If,  however,  the  flocculant 


*r'/.  Slcrer,  Agriculture,  4th  ed..  Vol.  II,  p.  144. 
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be  removed  by  leaching,  tlie  "ruuny"  cliaracler  of  the  clay  reappears. 
To  show  this  action,  Hilgard  suggests  the  following  experiment: 
Work  a  portion  of  tough  clay  m\o  a  plastic  mass  with  soft  water;  on 
the  one  hand,  mix  one  part  of  <  ;uistir  lime  with  200  of  the  clay  before 
working  into  a  paste  willi  watci-;  on  drying  the  former  portion  be- 
comes of  almost  stony  hardness,  the  latter  crumbles  readily  at  the 
touch. 

THEORIES  OF  FLOCCULATION. 

The  cause  of  this  action  is  not  fully  understood.  Schlosing  found 
that  in  washing  the  soluble  materials  from  soils  by  water,  silt  was 
held  back  when  a  current  of  carbonic  acid  gas  was  passed  through 
the  soil  during  the  washing;  from  this  fact  it  has  been  inferred  that 
the  acid  carbonate  of  lime  is  the  active  tiocculant.  Hilgard*  also  ob- 
served that  the  destruction  of  the  causticity  of  the  lime  in  a  magma, 
of  limed  clay  by  causing  a  stream  of  carbonic  acid  to  bubble  through 
it  for  twenty-four  hours,  did  not  at  all  restore  the  plasticity  of  the 
clay;  hence,  the  flocculation  does  not  necessarily  require  caustic 
lime.    But  the  action  of  the  neutral  carbonate  is  much  weaker. 

Hilgard,  Brewer  and  Barus.f  proceeding  upon  the  theory  that  the 
clay  particles  are,  in  part  at  least,  in  a  gummy  or  colloidal  condition, 
suggest  that  tlocculation  results  from  a  dehydration  of  the  clay  under 
the  action  of  the  saline  solutions.  ^N'hitney  urges,  however,  that  such 
an  assnm])tion  is  needless  since  the  facts  may  be  accounted  for  by  the 
laws  of  surface  tension;  for,  assuming  two  grains  of  clay  to  lie  in 
contact  with  each  other  on  the  surface  of  a  liquid,  if  the  attraction 
of  the  liquid  for  the  surfaces  of  the  clay  is  greater  than  the  attrac- 
tion between  the  different  portions  of  the  liquid,  the  latter  will  rise 
between  the  particles  and  tend  to  separate  them;  if,  on  the  other 
hand,  the  reverse  is  true,  the  clay  particles  would,  when  separated, 
tend  to  come  together.  The  determinations  made  by  this  investi- 
gatorj  of  the  power  of  various  tiocculant  solutions,  as  compared  with 
water,  to  rise  in  a  glass  tube,  shows,  however,  that  the  former  rise 
higher  and  that  their  observed  relations  in  this  respect  do  not  cor- 
respond with  their  flocculant  activities  as  ascertained  by  Schlosing 
and  Hilgard. 

The  observations  of  King§  do  not,  however,  fully  accord  with 
Whitney's  in  respect  to  the  influence  of  lime  upon  the  capillary  move- 
ment of  water;  for  he  found  that  the  rate  at  which  water  passed 
upward  through  columns  of  coarse  sand  and  away  by  evaporation, 
was  decreased  rather  than  increased  by  the  addition  of  lime  water, 
thus  indicating  for  the  latter  a  lower  capillary  power. 

*Ptorer.  Ih.,  p.  145. 

iCf.  Whitney.  Bull.  4,  U.  S.  Weather  Bureau,  p.  21. 
tib.  pp.  15  and  16. 
§The  Soil,  pp.  177-8. 
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DURATION  OF  EFFECT. 

A\']ia(evei-  be  (lie  explanation,  the  fact  remains  that  tbe  'iiglilen- 
ing"'  ett'ect  upon  sucii  soils  resulting  from  liming  is  very  marked  and 
often  lasts  for  years. 

INFLUENCE  UPON  WATER  MOVEMENT. 

Pearsen*  has  noted  the  interesting  fact  that  a  clay  soil  which 
allowed  a  layer  of  water  only  five  centimeters  (two  inches)  deep  to 
penetrate  through  it  in  no  less  time  than  twenty-nine  days  and  nine- 
teen hours,  when  mixed  with  2.5  per  cent,  of  lime,  permitted  the  com- 
pletion of  the  percolation  in  only  seven  hours. 

In  case  of  such  a  soil  lying  upon  a  steep  slope,  it  is  readily  seen  that 
one  result  of  liming  would  be  the  readier  percolation  of  the  water 
through  the  body  of  the  soil  with  a  correspondingly  lessened  tendency 
to  form  rivulets  upon  the  surface,  which  might  wash  it  into  gullies; 
nor  would  the  percolation  be  accompanied  by  the  removal  of  the  finer 
particles  of  the  soil. 

MODIFYING  EFFECT  OF  THE  LIME  ALREADY  IN  THE  SOILS. 

Hollemann,!  working  upon  stiff  clays  at  Groningen,  Holland,  found 
their  porosity  improved  by  addition  of  lime  in  the  form  of  carbonate, 
whenever  the  quantity  of  lime  in  the  soil  was  less  than  0.15  per  cent.; 
but  that  no  benefit  was  perceptible  from  its  application  when  the 
soil  contained  as  much  as  0.5  per  cent. 

King"!  observes  that  there  appear  to  be  some  exceptions  to  th- 
general  rule  that  the  presence  of  calcium  carbonate  ensures  the 
friability  of  fine  clays,  from  the  fact  that  there  are  many  clays,  very 
impervious  to  water,  plastic  and  adhesive,  which  are  unfitted  for  use 
in  making  brick  or  pottery,  because  of  the  lime  they  contain,  the 
amount  sometimes  reaching  5  per  cent.  As  a  possible  explanation, 
this  writer  suggests  that  it  may  be  that  the  lime,  once  in  the  impervi- 
ous clay,  could  not  be  acted  upon  by  the  carbonic  dcid  sufficiently  to 
form  enough  acid  carbonate  of  lime  to  effect  the  flocculation. 

INJURY  PROM  LIMING  CLAYS. 

It  is,  however,  distinctly  recognized  that  the  too  frequent  and 
copious  applications  of  lime  even  to  clay  soils  may  eventually  render 
them  hard  and  compact,  instead  of  friable  and  open.  In  this  case, 
the  cementing  action  of  the  calcium  carbonate  formed  in  the  soil 
appears  to  more  closely  resemble  that  observed  in  the  case  of  ordinary 
mortar. 


•Chemical  News,  1892,  p.  B3. 
tLdw.  Vers. -Station,  41,  37. 
JThe  Soli,  pp.  30-31. 
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A  similar  injury  results  from  tlie  application  of  large  dressings  of 
caustic  lime  upon  a  day  when  it  is  in  a  wet  condition.  On  very  wet 
clays,  draining  should  precede  liming. 

MECHANICAL  EFFECTS  UPON  LIGHT  SOILS. 

Observations  upon  the  influence  of  lime  upon  the  texture  of  light 
soils  are  more  divergent  in  their  conclusions.  Many  correspondents 
in  this  State  affirm  that  the  application  to  light  soils  makes  the  latter 
more  retentive  of  moisture  and  that  this  is  more  true  of  shales  and 
gravels  containing  considerable  proportions  of  fine  particles  than  it 
is  of  sharp  sands  or  even  of  alluvial  sand  deposits.  It  is  noted  in 
particular  that  the  liming  of  the  blue  slate  uplands  of  Fulton  and 
Bedford  counties  has  so  increased  the  retentiveness  of  the  soil  for 
moisture,  that  clover  can  be  made  to  live  through  the  summer,  where, 
without  liming,  it  dies  from  drought.  These  statements  accord  with 
experience  elsewhere. 

EXPERIMENTS  UPON  THE  INFLUENCE  OF  LIME  AND  MAGNESIA  UPON 
THE  WATER  CAPACITY  AND  HYGROSCOPIC  COEFFICIENT  OF  SOILS. 

Upon  the  several  soils  under  treatment  in  the  experiments  con- 
ducted in  my  laboratory,  no  observations  were  made  to  determine  the 
effect  of  the  several  treatments  upon  the  rate  at  which  water  would 
percolate  through  them.  But  determinations  were  made  by  Mr.  C.  P. 
Beistle,  Assistant  Chemist,  of  the  water-holding  capacities  and  the 
hygroscopic  coefficients,  or  power  to  absorb  water  vapor,  of  the 
several  lots  of  soil.  For  the  former  determinations,  the  dry  soils 
were  weighed  into  tared  glass  funnels,  upon  uniform  filter  paper, 
and  water  was  then  added  until  the  soils  were  saturated;  when  drops 
ceased  to  come  through  the  funnel,  the  tops  being  covered  to  prevent 
evaporation,  the  funnels  were  weighed  with  their  contents,  and  the 
quantity  of  water  retained  was  thus  ascertained. 

For  the  latter  determination,  one  portion  of  soil  was  taken  for  the 
estimation  of  water  held  under  laboratory  conditions;  another  portion 
was  exposed  for  twenty-four  hours  upon  an  open  watch-glass  in  a 
box  so  constructed  that  the  air  it  contained  should  be  saturated  with 
water  vapor. 

The  gain  in  weight  due  to  the  absorption  of  water,  plus  the  weight 
of  vapor  already  presejit,  gives,  when  figured  in  percentage  upon  thf 
basis  of  the  dry  soil,  the  hygroscopic  coefficient. 
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TABLE  VII— Moisture  Relations  of  Soils. 


Soil 

Water-holding  Capacity 
(Per  cent.) 

Hygroscopic  Coefficient. 
(Per  cent.) 

Blank. 

Lime. 

Magnesia. 

Blank. 

Lime. 

Magnesia. 

46.15 

47.53 

47.40 

3.60 

3.59 

3.27 

II.  Black  slate  

53.65 

54.15 

54.40 

2.95 

2.87 

2.86 

47.15 

43.53 

43.86 

1.67 

1.7S 

1.57 

49.03 

5L53 

47.15 

1.80 

1.84 

1.53 

48.78 

47.53 

50.40 

1.69 

1.85 

1.6SI 

VI.  Muck  

77.89 

82.63 

79.40 

4.68 

4.94 

5.23 

52.89 

49.01 

51.52 

1.58 

1.59 

1.98 

VIII.  Loam  

49.98 

47.11 

50.39 

2.37 

2.44 

2.39 

IX.  Red  shale  

54.98 

54.36 

54.98 

2.28 

2.23 

2.14 

As  regards  the  water-holding  capacity,  it  is  to  be  remarlved  that  the 
range  of  difference  exhibited  by  the  several  untreated  soils  is  not 
large,  viz:  from  about  46  to  78  per  cent.;  the  muck  soil  in  pnrlicular 
shows  a  strikingly  low  capacity;  it  is  entirely  possible  that  in  the 
case  of  this  soil,  the  porosity  was  impaired  by  the  sifting  through  so 
fine  a  mesh.  The  influence  of  the  liming  is  not  clearly  marked  so  far 
as  its  influence  upon  the  empty  space  and  arrangement  of  particles 
is  indicated  by  the  water-holding  capacity  of  the  soils;  in  four  in 
stances  of  varied  character,  the  capacity  seems  to  increase:  in  Ave, 
to  diminish  slightly;  the  magnesia  exerted  as  marked  an  influence, 
but  in  samples  IV,  Y  and  VII,  its  action  was  opposite  to  that  of 
the  lime.  It  is  probable  that,  to  exhibit  the  characteristic  change,  the 
conditions  of  after  tieatment  of  the  soil  have  not  been  favorable.  It 
is  hoped  to  repeat  the  work  under  other  conditions,  but  time  has  not 
permitted  the  repetition  prior  to  the  preparation  of  this  report.  Bear- 
ing upon  the  importance  of  these  conditions,  the  old  observations  of 
Zengar'-'  and  Wilhelmf  that  the  pulverization  of  soils  consisting  of 
])orous  i)articles  such  as  lime-sinter  or  peat,  to  some  exteut  destroys 
their  ])orosity  and  power  to  retain  liquid  water,  may  be  recalled. 

As  regards  the  hygi'oscopic  coeflicient,  or  power  to  take  up  moisture 
vapor,  likewise,  there  is  no  clear  indication  that  the  lime  or  magnesia 
exercises  any  clefirly  marked  influence,  and  the  experiment  must  be 
repeated  upon  portions  of  soil  not  treated  as  those  must  be  which  are 
to  be  subjected  to  chemical  analysis.  HilgardJ  affirms,  however,  that 
this  power  to  take  up  moisture  vapor  depends  essentially  upon  one 
or  more  of  four  substances,  hwrms,  ferric  hydrate^  clay  and  liwe^ 
named  in  the  order  of  their  efficiency.  "It  varies,"  he  says,  "from  1.5 
to  23  per  cent,  at  150  degrees  Centigrade  in  a  saturated  atmosphere.  A 
pure  clay  rarely  exceeds  12  per  cent.;  ferruginous  clays  show  15  to  21 
per  cent.;  some  calcnreous  clays  rise  nearly  as  high;  while  peaty  soi^« 
rise  to  23  per  cent,  or  more. 

•Wilda's  Centralblatt,  lSr,S,  1  .  430. 
tr/j.  1S66.  1,  118. 

Cei'.sus.   5.   71.  . 


So 

LIME  PAN. 

One  other  point  of  some  importance  relating  to  the  texture  of  soils 
is  the  tendency  noted  on  stitf  soils,  the  plow  depth  of  which  is  not 
varied  with  some  frequency,  to  form  a  hard  pan  or  compact  layer 
between  the  surface  and  sub-soil.  Once  formed,  it  is  the  tendency 
of  the  alkaline  silicates,  humates  and  lime  carbonate  brought  to  it 
by  the  leaching  of  the  surface  soil  to  form  a  strong  layer  that  prevents 
the  proper  upward  movement  of  sab-soil  moisture  in  dry  seasons  and 
the  free  downward  movement  of  the  plant  roots.  Heavy  liming,  after 
such  a  pan  is  formed,  often  greatly  increases  it,  forming  what  is 
known  as  lime-pan.  This  formation  is  readily  prevented,  however, 
by  proper  liming;  but  it  would  be  well  to  be  sure  that  the  land  is 
free  from  hard-pan  before  heavily  liming  it. 


The  Chemical  Effects  of  Liming. 


When  the  action  of  lime  upon  various  individual  minerals  and  upon 
distinct  organic  materials  such  as  starch,  albuminoids,  etc.,  is  studied, 
it  is  found  to  be  quite  variable  with  the  nature  of  the  substance  acted 
upon.  That  the  introduction  of  so  powerful  a  chemical  reagent  into 
those  highly  differing  and  always  complex  mixtures  of  mineral  and 
vegetable  matters  that  we  term  "soils,"  should  result  in  a  gwat 
variety  of  effects  is  not.  therefore,  surprising.  In  the  discussion  fol- 
lowing, attention  will  be  cliiefly  confined  to  a  few  of  the  practically 
more  important  points,  considering  first  those  relative  to  the  mineral 
matters  and,  second,  those  affecting  the  organic  matter  (humus)  and 
nitrogenous  substances. 

MOST  SOIL  CONSTITUENTS  UNAVAILABLE  TO  PLANTS. 

Jk'fore  speaking  in  detail  upon  these  subjects,  it  may  be  remarked 
that  while  plants  are  able  to  take  up  directly  from  freshly  pulverized 
rock  materials  small  quantities  of  the  several  plant  foods  the  latter 
contain,  the  mineral  substances  must  usually  undergo  quite  radical 
changes  by  the  action  of  weather  and  decaying  vegetation  before  they 
are  really  in  condition  to  make  a  fertile  soil.  Before  they  are  thus 
changed,  many  of  them  resist  the  action  of  (juite  strong  acids;  among 
such  minerals  are  included  the  widely  distributed  and  important 
minerals,  ([uartz,  feldspar,  mica,  hornblemle,  augite,  tale,  steatite, 
kaolinite.  chrysolite  and  chlorite.*    It  is  not,  therefore,  a  matter  of 


*Johnson,  How  Crops  Grow,  329. 
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surprise  that  in  even  rich  soils,  onl}'  50  to  150  parts  in  100,000  are 
capable  of  being  dissolved  in  water. 

It  must,  of  course,  be  admitted  that  the  plant  is  not  wholly  confined 
in  its  feeding  upon  mineral  matters  to  the  water-soluble  S'ubstances; 
for  the  acid  surfaces  of  the  rootlets  and  root-hairs  are  able  to  take  up 
some  mineral  matters  through  their  cell  walls  in  much  the  same 
manner  as  the  acid  strawberry,  in  the  course  of  preparation  for  table 
use,  takes  up  and  is  sweetened  by  the  coarse,  dry,  granulated  sugar 
spread  upon  it. 

We  have,  however,  not  discovered  a  chemical  reagent  which  will 
closely  represent  in  its  action  upon  the  soil,  the  action  of  the  plant 
during  a  single  growing  season.  While  it  is  thought  that  the  mineral 
matter  soluble  in  hydrochloric  acid  may  fairly  represent  the  ultimate 
fertility  or  cropping  strength  of  soils,  various  organic  acids  or  solu- 
tions of  their  salt  have  been  proposed  as  reagents  to  show  the  more 
immediately  available  plant  food,  such  as  the  plant  could  probably 
utilize  at  once  if  opportunity  occur;  these  do  not  all  closely  corres- 
pond in  their  action  with  that  of  various  plants,  and  it  is  highly  im- 
probable that  a  single  solvent  could  do  so  for  all  plants  and  soils; 
but  they  are  of  considerable  value  as  indicators  of  the  readiness  of  the 
various  more  important  soil  ingredients  for  use  by  the  plants,  and  to 
alford  rough  suggestions  as  to  the  need  for  the  application  of  the  sev- 
eral manurial  constituents. 

LIME  UNLOCKS  PLANT  FOOD  ALREADY  IN  SOIL. 

So  it  has  come  to  be  said  that  only  a  small  proportion  of  the  food 
substances  in  most  soils  are  immediately  ready  for  plant  use;  that  the 
less  soluble  foods  are,  as  it  were,  locked  up  in  a  safe,  and  that  lime 
is  one  of  the  keys  by  which  the  safe  may  be  opened  and  some  of  its 
contents  made  accessible  to  the  crop.  If,  however,  the  soil  be  devoid 
of  compounds  such  as  lime  can  convert  into  available  plant  food,  the 
addition  of  lime  can  cause  no  increase  in  the  material  fertility  of  the 
soil  except  as  lime  itself  may  be  needed  by  the  plants. 


LiBEKATION  OF  PoTASH. 


POTASH  IN  SOIL  CHIEFLY  INSOLUBLE. 

Though  the  commercial  potash  compounds  are  nearly  all  soluble — • 
with  so  few  exceptions  that  the  chemical  methods  for  the  separation 
of  potash  from  other  bases  are  very  limited  in  number — -most  of  the 
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potash  present  in  the  soil  exists  there  in  insoluble  or  difficulty  soluble 
combinations.    Drainage  waters  contain,  as  a  rule,  much  less  of  it 
than  of  soda,  lime  or  magnesia.    Thus  Way,*  upon  examining  the 
drainage  waters  from  seven  fertile  soils  near  Surrey,  Eng.,  found  in 
four  cases,  only  traces  of  potash,  and  in  the  others,  only  0.03,  0.07 
and  0.31  parts  in  100,000  parts  of  the  water.    Krockerf  found,  in  the 
summer  drainage,  from  poor  soils,  only  0.2  to  0.6  parts  in  100,000  of 
the  water,  but  Zoller,J  in  five  waters  of  percolation  collected  during 
the  summer  from  a  number  of  soils  near  Munich,  found  0.20  to  0.65 
parts  in  100,000.    Deherain,§  studying  the  drainage  of  the  experiment 
farm  at  Grignon,  France,  found  that  on  highly  manured  land  the 
drains  in  one  year  removed  0.2  per  cent,  of  the  entire  acid-soluble 
potash  present,  while  from  unmanured  lands,  only  0.05  per  cent,  of 
the  entire  amount  of  potash  was  removed.    Where  a  proportion  of 
water  larger  than  that  found  in  the  soil  is  used  in  extraction,  or  where 
a  soil  is  exposed  to  the  action  of  renewed  portions  of  water,  larger 
amounts  of  potash  are  found  to  be  dissolved. 

POTASH  IN  FERTILIZERS  FIXED  BY  SOILS. 

Furthermore,  if  a  given  amount  of  some  potash  salt  be  added  to  a 
sample  of  soil  and,  after  the  mixture  has  stood  for  a  short  time,  the 
earth  be  washed  with  water  and  the  washings  compared  with  those 
obtained  by  the  extraction  of  an  equal  quantity  of  the  unmixed  earth 
with  an  equal  quantity  of  water,  it  is  found  that  the  potash  extracted 
from  the  former  soil  is  far  less  than  the  sum  of  that  in  the  potash 
salt  and  that  extracted  from  the  unmixed  earth;  in  other  words,  it  is 
distinctly  evident  that  much  of  the  potash  in  soluble  fertilizer  salts 
is  quite  promptly  changed  in  the  soil  into  insoluble  or  difficultly 
soluble  compounds.  The  time  re(juired  for  the  completion  of  this 
fixing  action— so  far  as  it  goes,  for  all  the  fertilizer  potash  is  never 
fixed,— Peters] I  found,  in  case  of  one  soil,  to  be  forty-eight  hours. 

SOLVENT  ACTION  OF  LIME. 

The  solvent  action  of  water  is,  however,  very  greatly  increased 
when  lime,  whether  as  a  hydrate,  as  acid  carbonate,  or  in  chlorid, 
sulfate,  nitrate  or  similar  soluble  salt,  is  dissolved  in  it.  The  work 
of  Johnson,  Way,  Liebig,  Brustlein,  Peters,  Knop,  Heiden,  Armsby 
and  others,  has  shown  most  clearly  that  the  lime  in  such  solutions 
displaces  some  of  the  potash  of  the  soil,  the  displaced  alkali  being 
extracted  while  an  equivalent  quantity  of  lime  is  fixed  in  the  soil. 
This  probably  explains  the  fact  noted  by  Hilgard**  that  sometimes  a 

*Jour.  Eoy.  Ag.  Soc,  17,  133.. 

t.Tcur.  prak.  Chem.,  60,  46S;  C'.f.  Johnson.  How  Crops  Feed,  314. 

tJohnson,  n.  315. 

§Trait(5  de  Chimie  asricole,  426-7. 

Ill.dw.  Vers. -Stat.,  2,  140. 

•»X  Census,  5,  78.  • 
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soil  very  rich  iu  lime  and  phosphoric  acid,  shows  a  good  productive- 
ness despite  a  ver}'  low  potash  content;  and,  conversely,  sometimes 
a  high  potash  content  seems  capable  of  offsetting  a  low  lime  percent- 
age— it  being  trne  that  potash  salts  when  added  in  solution  to  a  soil, 
liberate  some  lime  with  the  fixation  of  an  equivalent  amount  of 
potash. 

NATURE  OF  COMPOUNDS  ATTACKED  BY  LIME. 

When  tlie  nature  of  the  compounds  in  the  soil  that  are  acted  upon  by 
the  lime  with  a  resulting  liberation  of  potash,  is  studied,  it  is  found 
that,  for  tlie  most  part,  they  belong  to  two  great  classes:  hydrous 
soluble  silicates,  probably  l)elong  to  the  zeolitic  class,  and  double 
salts  of  the  acids  of  humus — humates  and  ulmates.  M.  John- 
stone,* in  studying  the  compounds  that  result  from  the  weathering 
of  feldspars — anhydrous  double  silicates  of  alumina  with  potash,  soda 
or  lime — states  that  when  carbonic  acid  is  present  in  large  quantity, 
the  potash  is  set  free  as  carbonate;  but  that  when  such  excess  of 
carbonic  acid  is  lacking,  the  potash  remains  in  combination  with 
silica;  if,  then,  lime  be  added,  it  displaces  the  potash,  forming  the 
lime  silicate  and  setting  the  potash  free,  as  it  has  been  found  to  do 
in  acting  upon  the  pure  zeolitic  minerals. 

Mulderf  has  found  that  humic  and  nlmic  acids  form  double  salts 
of  the  alkalies  with  lime,  magnesia,  iron,  manganese  and  alum- 
ina. It  is  doubtless  due,  at  least  in  large  measure,  to  a  displacement 
of  potash  by  lime  in  a  manner  analogous  to  that  observed  in  the  case 
of  the  double  silicates,  that  liming  soils  poor  in  such  silicates  but 
containing  humus,  results  in  the  increase  of  available  potash. 

SOLVENT  ACTION  OF  MAGNESIA. 

According  to  Kellner,t  magnesia  and  magnesium  salts  act  in  a 
manner  similar  to  lime.  Peters, §  testing  the  solvent  power  of  the 
saline  solutions  of  a  number  of  bases,  including  lime  and  magnesia, 
upon  e(iual  jiortions  of  a  well-washed  soil,  found  that  the  magnesia 
solution  took  out  0.1224  grammes  of  potash,  while  lime  removed 
0.1252  grammes,  or  with  a  slight  correction  for  the  lack  of  precise 
chemical  ecpiivalence  in  tlie  solvent  used,  the  magnesia  salts  had  90 
per  cent,  of  the  activity  of  Ihe  corresponding  lime  salt. 

AMOUNT  OF  POTASH  IN  SOILS  EXPERIMENTED  UPON. 

'I'urning  now  to  the  soils  subjected  to  test  in  our  experiments:  The 
proportion  of  potash  in  the  solutions  prepared  for  the  determinations 
of  lime  and  magnesia,  the  nr-'ilts  of  which  have  been  stated  in  an 
earlier  paragraj)!!.  was  deteiiuined  by  Mr.  C.  W.  Norris  in  accord- 

«N&turw.  Rundschau.  1891,  123;  Exp.  Sta.  Reeorfl,  581. 

■;rhfmie  der  Acker  Krume.  quoterl  by  Johnsrvn,  How  Crop.s  Feed,  23(}1-1. 

tAmeric.in  Fertilizer,  G,  245.  ■  ■ 

§,Tohnson,  How  Crops  Feed,  341. 
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auee  with  the  oftu-ial  uiethod.  To  gain  a  better  uotioii  of  the  avail- 
ability of  tile  potash  iu  the  several  soils,  Mr.  Norris  also  determined 
the  ijroportion  of  potash  extracted  by  water  uiidei-  Wu;  fellow  iiig  con- 
ditions: 

One  hundred  grammes  were  soaked  with  1,000  e.  l-.  of  distilled  water 
at  summer  temperature  (23  degrees  C,  or  73  degrees  Fahr.),  for  seven 
days,  the  tlask  being  thoroughly  shaken  several  times  daily.  The 
li()uid  was  then  drawn  olT  and  the  fine  silt  iu  suspension  allowed  to 
settle.  In  a  given  fraction  of  the  clear  liquid  the  potash  was  de- 
termined. 

In  a  study  of  soil  solvents  made,  several  years  since,  by  Dr.  Bernard 
Dyer,  Chemist  to  the  Royal  Agricultural  Society,  England,  upon 
certain  soils  of  the  Rothamsted  Experiment  Station,  England,  and 
checked  by  the  analytical  crop  and  fertilizer  records,  remarkably  in- 
dicative results  wi're  obtained  by  using  a  1  per  cent,  citric  acid  solu- 
tion as  the  solvent. 

The  several  soils  tested  were,  therefore,  examined  before  treatment 
with  lime,  by  the  use  of  this  solvent.  Mr.  C.  V.  Beistle,  Assistant 
Chemist,  made  these  determinations  in  the  following  manner:  200 
grammes  of  the  air-dried  soil  was  exposed  for  seven  days  at  summer 
temperature  (73  degrees  Fahi-.),  to  the  action  of  two  litres  of  a  1  per 
cent,  solution  of  citric  acid:  the  mixture  was  shaken  several  times 
daily.  At  the  end  of  the  seven-day  period  the  liquid  was  decanted  oil 
and  carefully  filtered.  In  a  given  fraction  of  the  filtrate,  the  potash 
was  determined  in  the  manner  recommended  by  Dyer,  save  that  the 
heavy  metals,  phosphoric  acid,  etc.,  were  first  precipitated  and  filtered 
off. 

The  results  of  these  three  sets  of  determinations  are  given  in  the 
following  table,  the  figures  being  the  average  of  two  or  three  closely 
concordant  determinations : 

TABLE  VIII.— Potash  in  the  Orig-inal  Soils.    (Per  Cent.) 


Soil  Sample. 


Tn  per  cent,  of  the  Kntire  Soil. 


3 


2 


In  per  cent,  ol'  the  Pot- 
ash Soluble  in  HCI. 


I.  Ironstone  

II.  Black  slate  

III.  Red  shale  clay, 

IV.  Limestone  clay. 
V,  Glacial  loan,  ... 

VI.  Muck  

VII.  Limestone  clay, 

VIII.  Loam  

IX.  Red  shale  clay 


2.37 
2.00 
1.29 
1.64 
1.96 
4.85 
1.36 
1.49 
1.73 


.325 
.885 
.460 
.805 
.270 
.220 
.340 
.330 
.415 


.0133 
.0220 
.0107 
.0136 
.0117 
.0450 
.0190 
.0150 
.0150 


.0071 
.0050 
.0063 
.0071 
.0290 
.0120 
.0130 
.0130 


4.1 
2.5 
2.3 
1.7 
4.3 
20.5 
5.6 
4.5 
3.6 


O.S 
1.1 
0.8 
2.6 
13.2 
3.5 
3.0 
3.1 
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The  dilTerences  in  the  quantity  of  water  are  very  small,  except  in 
the  case  of  the  muck  as  compared  with  the  other  soils;  even  in  the 
latter  case,  Ihe  coined  ion  would  be  an  increase  in  the  percentage  of 
potash  in  the  muck  amouiiting  to  only  one-thirtieth  of  the  portion 
extracted  by  the  several  solvents.  Comparisons  may,  therefore,  be 
made  on  the  basis  of  the  figures  as  they  are  stated  above.  So  far  as 
the  total  amount  of  potash  extracted  by  strong  acid  is  concerned. 
No.  II,  black  slate,  and  No.  IV,  limestone  clay,  contain  by  far  the 
larger  quantities,  and  No.  VI,  the  muck,  contains  least;  while  the 
other  soils  do  not  differ  very  greatly  from  one  another. 

The  editor  of  the  Handbook  of  Experiment  Station  Work  (p.  313), 
notes  that  this  element  is  capable  of  great  variation  without  materi- 
ally affecting  the  productiveness  of  the  soil.  In  heavy  clay  uplands 
it  ranges  from  0.8  to  0..5  per  cent.;  in  lighter  loams  from  0.45  to  0.3;  in 
sandy  loams  below  0.30.,  and  in  sandy  loams  of  great  depth  may  fall 
below  0.10  with  good  productiveness  and  durability. 

Hilgard*  says  "No  virgin  soil  having  0.50  per  cent,  of  potash  will 
wear  out  lirst  on  that  side  of  its  store  of  plant  food;  and  much  less 
will  suffice  in  the  presence  of  much  lime  and  humus." 

WATER-SOLUBLE  POTASH. 

AA^hen  we  turn  to  the  consideration  of  the  condition  in  which  the 
X)otash  exists  in  the  soil,  several  striking  facts  are  apparent.  The 
muck,  notwithstanding  its  low  proportion  of  total  potash,  contains 
over  twice  as  much  water-soluble  potash  as  an  equal  weight  of  any 
other  of  the  soils,  and  about  six  times  as  much  as  is  present  in  No.  Ill, 
I'ed  shale  clay;  looking  simply  at  the  percentage  of  the  total  potash 
that  is  present  in  water-soluble  condition,  it  is  seen  to  be  over  sixteen 
times  as  great  in  the  muck  as  in  Nos.  II  and  IV.  On  the  contrary,  the 
soils  containing  the  highest  percentages  of  potash  soluble  in  strong 
acid,  Nos.  II  and  IV,  are  among  those  containing  least  of  this  ingre- 
dient in  water-soluble  condition.  The  source  of  the  soil,  as  regards 
the  kind  of  rock  from  which  it  is  formed,  is  not  necessarily  an  indica- 
tion of  its  present  composition  and  fertility;  thus,  compare  the  lime- 
stone clays,  IV  and  VIII,  and  the  red  shale  clays.  III  and  IX,  and 
quite  important  differences  in  the  amount  and  condition  of  the  potash 
are  visible. 

TOTAL  AVAILABLE  POTASH. 

Turning  to  a  consideration  of  the  potash  dissolved  by  the  citric 
acid  method,  none  of  the  soils  show  less  than  0.01  per  cent.,  and  so 
should  scarcely  be  regarded  as  extremely  impoverished.  Dyerf  sug 
gests  that  there  is  no  immediate  need  of  potash-manuring,  if  the  citric 
soluble  potash  in  the  soil  form  0.005  per  cent,  of  the  dry  soil.  In  this 
case,  too,  the  muck  shows  both  the  largest  percentage  and  the  largest 
amount,  while  Nos.  I,  III,  TV  and  V  contain  the  lea,st  amounts. 


•Rep.  Cal.  Exp.  Station,  1889,  166. 
tJour.  Chem.  Soc,  1894. 
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POTASH  IN  SOILS  AFTER  TREATMENT. 

The  treated  soils  were  also  examined  with  reference  to  tlie  amount 
and  condition  of  the  potash  contained.  The  total  potash  soluble  in 
strong  acid  was  determined  hy  Mr.  ( W.  Norris,  that  soluble  in  citric 
acid  s'olution  by  Mr.  C.  V.  Beistle.  In  the  latter  determination  a  suf- 
ficient quantiy  of  citric  acid  was  used,  beyond  that  required  to  make 
a  1  per  cent,  solution,  to  neutralize  the  lime  added  and  magnesia  in  tha 
samples  that  represented  the  results  of  treatments  B  and  C,  so  that 
the  neutralizing  eflect  of  these  alkaline  earths  might  not  too  greatly 
interfere  with  the  solvent  action  of  the  liquid. 

The  results  are  shown  in  the  following  table.  Owing  to  the  fact 
that  the  quantity  of  the  lime  and  magnesia  added  in  treatments  B 
and  C  would  not,  even  if  fully  carbonated  by  action  of  the  air  of  the 
soil,  come  to  equal  1  per  cent,  of  the  weight  of  the  entire  soil,  it  has 
not'been  deemed  needful  to  correct  for  the  error  introduced  by  this 
addition,  to  permit  a  direct  comparison  between  the  results  of  treat- 
ment A  and  those  of  B  and  C.  For  safety,  the  moisture  of  the  samples 
was  determined  in  each  case;  the  difference  between  the  several 
treated  samples  and  the  original  soils  were,  however,  so  slight  that 
these  results  may  be  omitted. 
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Examining  these  Jflgures  ciiticallj  and  comparing  them  with  the 
percentages  obtained  in  the  case  of  the  original  untreated  soils,  some 
very  striking  discrepancies  are  seen,  especially  in  the  cases  of  Nos. 
II,  III  and  lY.  Some  discrepancy  is  also  apparent  in  the  figures  for 
potash  soluble  in  strong  acid  obtained  from  each  soil  after  the  dif- 
ferent treatments.  The  latter  fact  and  the  further  fact  that  the 
results  are  the  averages  of  several  separate  analyses  in  each  case, 
lead  to  the  conclusion  that  the  discrepancies  are  chiefly  due  to  the 
difficulty  in  getting  perfectly  uniform  samples  of  soil,  even  when  great 
care  is  exercised. 

So  far  as  the  potash  soluble  in  strong  acids  is  concerned,  there 
seems  to  be  no  evidence  in  the  figures  above  presented  to  the  effect 
that  the  lime  or  magnesia  especially  influences  the  amount  of  potash 
that  is  capable  of  extraction  with  such  vigorous  solvent.  There  are 
variations,  it  is  true,  in  the  percentages  shown  by  samples  from  dif- 
ferent treatments  of  the  same  soil,  but  comparing  the  lime  and 
fallow  treatments  in  their  action  upon  red  shale  clays,  Xos.  Ill  and 
IX,  the  figures  would  show  exactly  opposite  effects.  It  would,  how- 
ever, not  be  safe  on  the  basis  of  these  analytical  results  to  aflBrm 
positively  that  lime  and  magnesia  have  no  tendency  to  attack  min- 
erals little  soluble  in  strong  acids,  and,  in  greater  or  less  degree, 
to  aid  the  increase  of  their  availability  through  the  process  of  weath-- 
ering. 

EFFECT  OF  FALLOWING. 

It  may,  however,  be  true  that  the  availability  of  the  potash  in  the 
dift'erent  portions  of  the  same  soil  is  more  uniform  than  is  the  amount 
of  potash  itself.  On  the  basis  of  this  assumption,  compare  the  citric- 
acid-soluble  potash  in  the  original  and  fallow  soils.  Despite  the 
opposite  tendency  of  the  total  potash  soluble  in  strong  acid,  in  soils 
I,  II,  III,  lY  and  Y,  inclusive,  after  fallow  treatment,  the  propor- 
tion of  the  entire  soil  present  in  citric-acid-soluble  potash  is  as 
great  or  greater  than  in  the  original  soils;  in  the  muck  soil,  the 
quantity  of  such  potash  is  materially  less  in  the  fallowed  soil;  in 
soils  YII.  ^'III  and  IX  it  shows  a  slight  decrease;  expressed  in  terms 
of  the  entire  acid-soluble  potash,  that  soluble  in  citric  acid  in  the 
fallow  soils  is  greater  in  soils  I,  II,  III,  lY  and  Y;  is  somew^hat  less  in 
soils  YII  and  YIII  and  markedly  less  in  the  muck  soil. 

EFFECT  OF  LIMING. 

Turning  attention  now  to  the  effect  of  ,lime,  recalling  that  the 
soils  in  Treatment  A  were  exposed  to  precisely  the  same  conditions 
as  those  subjected  to  the  other  treatments,  we  may  fairly  compare 
tlie  figures  from  Treatments  A  and  B  to  ascertain  the  effect  of  the 
liming.    AVithout  exception,  the  ''available"  potash,  or  that  soluble 
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in  citric  acid,  was  increased.  If  the  proportion  of  the  entire  soil  rep- 
resented by  the  "available"  potash  is  considered,  it  is  found  that 
from  16  to  74  pounds,  or  an  average  of  30  pounds  per  million  pounds 
of  soil  is  present  in  the  limed  soil.  This  may  appear  to  be  very  little, 
but  as  little  as  twenty  pounds  of  nitrate  of  soda  applied  to  an  acre 
has  been  found  to  influence  the  plant  growth  and  such  application 
is  equivalent  to  no  more  than  1  pound  of  nitrogen  to  1,000,000  pounds 
of  soil.  The  larger  effects  were  observed  on  the  limestone  clay.  No. 
VII,  and  on  the  red  shale.  No.  IX,  which,  in  their  original  state,  con- 
tained nearly  0.3  per  cent,  of  lime.  Such  increase  represents,  of 
course,  a  larger  proportion  in  case  of  soils  poor  in  potash. 

EFFECT  OF  MAGNESIA. 

Looking  finally  to  the  effect  of  the  magnesia  as  shown  by  a  similar 
comparison  between  the  figures  from  Treatments  A  and  C,  the  "avail- 
able" potash  is  increased  from  6  to  92  pounds,  or  an  average  of  36 
pounds  per  million  of  soil.  In  general,  the  unlocking  or  liberating  of 
the  potash  seems  to  have  been  about  as  well  accomplished  by  the 
magnesia  as  by  the  lime.  The  ironstone  soil.  No.  I,  and  limestone 
clay,  No.  VII,  exhibited  the  most  marked  effects  from  the  magnesia 
treatment.  Nothing  in  the  composition  of  the  original  soil,  as  re- 
vealed by  the  analyses  made,  explains  its  greater  effect  upon  these 
soils. 

Taking  the  averages  for  the  nine  soils,  the  proportions  of  the  total 
potash  that  was  soluble  in  citric  acid  were:  In  the  original  soils,  5.5 
per  cent.;  in  the  fallow,  5.2  per  cent.;  in  the  limed,  6.3  per  cent.,  and 
those  receiving  magnesia,  6.3  per  cent. 

These  results,  therefore,  agree  with  those  of  Kellner,  viz:  That  both 
lime  and  magnesia  increase  the  available  potash  in  most  soils,  and 
that  the  magnesia  is  almost  equal  to  its  equivalent  proportion  of 
lime  in  producing  this  effect.  It  is  further  interesting  to  note  that 
this  increased  availability  resulted  from  the  action  of  magnesia  upon 
the  muck  as  well  as  upon  the  soils  less  richly  supplied  with  humus. 


The  Effect  upon  Soil  Phosphoric  Acid. 


SOLUBILITIES  OF  SOIL  PHOSPHATES. 

The  phosphoric  acid  in  most  rocks  is  present  in  the  form  of  tricalcic 
phosphate,  a  lime  compound  that  is  somewhat  soluble  in  pure  water, 
and  much  more  soluble  in  water  saturated  with  carbonic  acid  gas. 
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Bretschneider*  found  that  in  twenty-four  hours  at  ordinary  tempera- 
ture one  part  of  finely  precipitated  tricalcic  phosphate  required  87,832 
parts  of  water  to  dissolve  it,  but  only  13,181  parts  of  carbonic  acid 
water.  In  the  soil,  however,  a  very  large  proportion  of  the  phosphoric 
acid  is  present  in  the  form  of  phosphate  of  iron  (usually  ferric  phos- 
phate, for  the  most  part)  or  alumina.  The  iron  phosphate  is  much 
less  soluble,  the  same  investigator  having  found  that  one  part  of 
freshly  precipitated  ferric  phosphate  requires  for  its  solution  160,635 
parts  of  water,  or  146,570  parts  of  carbonic  acid  solution.  In  the 
latter  case  it  is  seen  that  the  solvent  action  of  the  soil  water,  usually 
containing  considerable  carbonic  acid,  is  much  less,  as  compared  with 
pure  water,  than  it  is  in  case  of  the  lime  phosphate.  Fleischerf  has 
found  that  water  dissolves  from  freshly  precipitated  phosphate  of 
alumina  even  less  phosphoric  acid  than  it  takes  up  from  the  corres- 
ponding ferric  compound. 

Johnsont  remarks  that  drainage  waters  commonly  contain  phos- 
phoric acid  but  in  quantities  too  small  for  accurate  estimation. 

AVAILABILITY  IN  CALCAREOUS  SOILS. 

If  the  soil  is  rich  in  lime  or  magnesia  it  is  thought  probable  that  a 
fair  share  of  the  phosphoric  acid  will  be  combined  with  it  and  be 
quite  readily  dissolved  by  the  plant  roots  and  soil  moisture ;  if,  on  the 
contrary,  lime  and  magnesia  are  deficient,  the  phosphoric  acid  is 
doubtless  present  in  its  much  less  soluble  compounds  with  iron  or 
alumina. 

Hilgard,§  in  his  study  of  the  cotton  soils  of  the  Southern  States, 
dwells  upon  this  point.  He  notes  that  less  than  0.05  per  cent,  of 
■  phosphoric  acid  soluble  in  strong  acids  is  a  notable  deficiency  unless 
accompanied  by  much  lime;  in  sandy  loams,  0.1  per  cent.,  with  a  fair 
supply  of  lime,  secures  a  fair  productiveness  for  eight  to  fifteen  years, 
but  with  a  deficiency  of  lime,  0.2  per  cent,  of  phosphoric  is  required 
to  produce  the  same  result.  Three  Louisiana  soils  are  cited  as  illus- 
trative of  this  fact: 

(a)  Pine  woods  sub-soil  (Vernon  parish)  an  upland  soil  pro- 
ducing only  500  lbs.  of  seed  cotton  per  acre  for  a  few  years. 

(b)  Oak  and  hickory  red  sub-soil,  upland  (Sabine  parish),  pro- 
ducing 800  to  1,000  lbs.  when  fresh,  then  declining. 

(c)  Anacoco  prairie  soil  (Vernon  parish)  has  yielded  1,200  to 
1,500  lbs.  for  fifteen  years  and  is  still  doing  fairly  well. 

"Quoted  by  Storer,   Op.  rif..  (4th  ed.),   I.  265-6. 
rr/i.  264. 

tllow  Crops  Feed,  310-315. 
§X  Census,  5,  7S-80. 
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(a.) 
Per  cent. 

(b.) 

Per  cent. 

(c.) 

Per  cent. 

0.247 
0.097 
0.339 
0.072 

0.202 
0.268 
0.290 
0.038 

0.332 
1.39S 
0.735 
O.047 

The  observations  of  Gei-lach,*  made  upon  artificially  treated  soils, 
show  tliat  the  phosphates  of  both  lime  and  magnesia  are  slowly 
soluble  in  water  and  completely  so  in  carbonated  water;  but  the  phos- 
phates of  iron  and  alumina  are  pi-actically  insoluble  in  these  solvents 
and  only  incompletely  so  in  dilute  organic  acids. 


LIME  ATTACKS  FERRIC  PHOSPHATES. 

Theri-"  are  (luite  a  large  number  of  observations  showing  that  the 
application  of  lime  to  soils  dehcient  in  that  constituent  tends  to  in- 
crease the  availability  of  the  phosphoric  acid  present.  Thus,  De- 
herain,t  on  mixing  calcium  carbonate  with  ferric  phosphate  and 
treating  the  mixture  with  carbonic  acid  water,  found  much  tricalcic 
phosphate  in  the  solution;  if,  however,  lime  phosphate  was  mixed  with 
a  large  proportion  of  ferric  carbonate,  ferric  phosphate  was  formed. 

On  the  basis  of  this  latter  observation,  this  investigatorj  suggests 
that  unless  such  considerable  quantities  of  lime  are  used  as  will  pre- 
dominate over  the  free  sesqui  oxids  of  iron  and  aluminum  in  the 
arable  layer  of  the  soil,  the  increased  solubility  of  the  soil  phosphates 
will  not  be  accomplished. 

I'rof.  Millot§  observed  that  the  application  of  soluble  phosphates  _ 
toasoil  in  the  department  of  Loire-et-Oher  which  was  rich  in  iron  oxid. 
gave  a  benefit,  but  one  very  fleeting,  no  residual  effect  being  observed 
the  second  year;  the  subsequent  addition  of  marl  brought  an  increase 
in  yield  such  as  that  land  never  yields  except  with  a  good  dressing  of 
phosphate,  indicating  the  restoration  of  the  phosphoric  acid  to  an 
available  condition.    This  is  a  fair  type  of  many  such  observations. 

PHOSPHORIC  ACID  IN  SOILS  EXPERIMENTED  UPON. 

Turning  now  to  the  soils  tahen  for  experiment:  The  amounts  of 
phos})hoi"ic  acid  contained  in  the  several  solutions  made  by  extraction 
of  these  soils,  were  determined,  in  the  strong  acid  and  water  solu- 
tions, by  Mr.  Norris,  and  in  the  citric  acid  solution  by  Mr.  Beistle.  In 
the  latter  solution,  the  results  are  somewhat  unsatisfactory  because 

*Ldw.  Vers.  Stat.,  40,  201. 
tComples  rendus,  46,  212. 
f'l'iiiUe  cle  cliimie  Agricole,  525. 
ILnc.  fit. 
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of  the  difficulty  of  prefectly  removing  tlie  finest  particles  of  soil 
from  the  liquid,  so  that  the  phosphoric  acid  obtained  represents  that 
in  the  small  particles  of  soil  as  well  as  in  the  real  solution;  in  de- 
termining the  potash,  the  figures  for  which  have  already  been  pre- 
sented, the  chemical  methods  that  were  employed  threw  out  the  silt, 
which  was  not  practicable  in  determining  the  phosphoric  acid: 

TABLE  X— Phosphoric  Acid  in  the  Original  Soils.    (Per  Cent.) 


Soil  Sample. 


Percentage  in  Entire  Soil. 


Proportion  in  Avail- 
able Form. 


B 


o 
3 

3 


.a 

3 


3 


2 

o 


I.  Ironstone,   

II.  Black  slate,  — 

III.  Bed  shale  clay, 

IV.  Limestone  clay, 

V.  Glacial  loam,  .. 

VI.  Muck,   

VII.  Limestone  clay, 

VIII.  Loam  

IX.  Red  shale  clay. 


.060 
.204 
.080 
.140 
.092 
.206 
.124 
.127 
.151 


.0057 
.0111 
.0088 
.0082 
.0130 
.0628 
.0139 
.0146 
.0306 


.0032 
None. 
.0016 
,0033 
.0040 
.0015 
.0027 
.0005 
.0045 


9.5 
5.4 
11.0 
5.9 
14.1 
30.5 
11.2 
11.5 
20.3 


5.3 
0.0 
2.0 
2.4 
4.3 
0.7 
2.2 
0.4 
3.0 


As  for  the  phosphoric  acid  soluble  in  strong  acid:  Hilgard's  av- 
erage from  460  soils  from  the  humid  regions  of  this  country,  especially 
the^'southern  States,  is  0.113  per  cent.;  from  313  soils  from  the  arid 
regions,  0.117  per  cent.;  in  general,  clay  soils  were  considerably 
richer  than  sands.  In  view  of  these  averages,  most  of  the  above  soils 
are  fairly  well  supplied  with  phosphoric  acid,  ^os.  I,  II  and  V  con- 
taining least,  but  even  these  are  not  very  deficient. 

Deherain*  observes  that  in  estimating  the  sufficiency  of  the  phos- 
phoric acid  in  a  soil,  not  only  its  richness  as  exhibited  by  analysis,  but 
its  depth  must  be  considered  in  determining  the  need  for  phosphatic 
fertilizers.  Thus,  he  says.  M.  Nantier,  director  of  the  Agricultural 
Station  of  Somme.  found,  near  Amiens,  a  soil  containing  0.25  per  cent, 
of  phosphoric  acid,  of  which  much  was  available,  as  shown  by  the 
'solubility  of  one-tenth  in  acetic  acid;  yet  a  phosphate  dressing  in- 
creased the  jdeld  per  acre  (French)  of  beets  from  28,500  to  45,000 
kilogrammes;  for  the  soil  was  only  from  six  to  eight  inches  deep,  and 
had  scarcely  more  available  phosphoric  acid  in  that  depth  of  soil  than 
one  crop  would  require.  He  suggests  that  unless  a  soil  contains 
more  than  0.1  per  cent,  of  phosphoric  acid,  and  more  than  0.02  to  0.03 


*Traite  de  Chim.  agricole,  730-1. 
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per  cent,  of  available  phosphoric  acid,  with  such  depth  of  surface  soil 
that  the  amount  of  available  acid  therein  shall  not  be  less  than  about 
900  lbs.  per  acre,  phosphate  manuring  is  needed. 

AVAILABILITY  OP  THE  PHOSPHORIC  ACID. 

The  condition  in  which  the  phosphoric  acid  exists  in  the  several 
soils  is  evidently  very  different;  thus,  samples  II,  VI  and  VIII, 
despite  their  comparatively  high  proportion  of  phosphoric  acid,  con- 
tain very  little  that  is  soluble  in  water,  even  less  than  III,  which  con- 
tains so  much  less  of  phosphoric  acid  as  a  whole.  In  No.  I,  which  con- 
tains the  least  of  all,  there  is  the  largest  proportion  of  the  phosphori(i 
acid  soluble  in  water. 

Considering  the  total  available  phosphoric  acid  as  indicated  by  the 
proportion  in  the  entire  soil  soluble  in  citric  acid,  the  muck  is  richest 
and  the  red  shale  clay,  IX,  next,  while  the  ironstone,  I,  contains  least. 
Only  I,  III  and  IV  contain  less  than  0.01  per  cent.,  the  figure  fixed  by 
Dyer  as  indicating  need  of  immediate  phosphate  application. 

PHOSPHORIC  ACID  IN  SOILS  AFTER  TREATMENT. 

The  effects  of  liming  and  application  of  magnesia  upon  the  avail- 
ability of  the  phosphoric  acid  are  shown  in  the  following  table: 
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While  differences  in  the  total  phosphoric  in  the  original  soil  and 
the  corresponding  treated  soils  are  observed,  just  as  was  the  case 
with  potash,  the  general  relations  are  the  same  in  both  the  original 
and  treated  soils. 

EFFECT  OF  FALLOWING. 

Comparing  the  original  and  the  fallow  soils,  as  regards  the  propor- 
tion of  the  phosphoric  acid  in  available  condition,  the  latter  shows 
an  invariably  smaller  proportion  than  the  former;  this  is  not  always 
very  marked,  but  in  some  cases,  such  as  III,  V,  VI,  VII,  VIII  and  IX, 
for  instance,  the  decrease  is  considerable. 

EFFECT  OF  LIMING. 

Compared  with  the  fallowing,  the  treatment  with  lime  results  in 
a  larger  availability  of  the  phosphoric  acid  than  where  soil  lies 
fallow,  except  in  the  case  of  11;  it  is  possible  that  a  predominance 
of  iron  and  alumina  in  the  latter  soil  may  account  for  this,  but  as  no 
determinations  of  iron  and  alumina  were  made,  it  is  not  certain 
that  this  is  the  correct  explanation.  On  the  muck,  the  liming  seemed 
not  to  have  caused  any  increase  in  the  availability  of  the  phosphoric 
acid  or  to  have  entirely  prevented  a  decrease;  the  greatest  increases 
occurred  in  soils  IV,  V  and  IX. 

EFFECT  OF  APPLYING  MAGNESIA. 

Considering  the  effect  of  magnesia,  its  general  tendency  was  to  act 
as  powerfully,  at  least,  as  lime.  Indeed,  if  we  may  form  an  estimate 
of  the  influence  of  the  different  treatments  upon  the  availability  of 
phosphoric  acid,  the  following  averages  will  be  suggested:  Of  the 
total  phosphoric  acid,  the  critric  acid  took  from  the  nine  soils  by 
Treatmeni  A,  9.7  per  cent. ;  by  Treatment  B,  12.5  per  cent. ;  by  Treat- 
ment C,  14.0  per  cent.  While  inference  from  averages  is  not  always 
safe,  it  does  not  seem  that  lime  acted  in  these  cases  more  effectively 
than  magnesia;  in  soils  V,  VIII  and  IX  the  increase  with  magnesia 
was  much  the  greater,  while  IV  showed  a  considerably  less  effect 
than  lime.  As  in  the  case  of  lime,  soils  II  and  VI  alone  failed  to  show 
a  marked  increase  in  the  availability  of  the  phosphoric  acid. 

INFLUENCE  UPON  SUBSEQUENT  APPLICATION  OF  PHOSPHATES. 

There  is  another  important  consideration  in  the  use  of  lime,  viz: 
Its  influence  upon  the  immediate  availability  and  upon  the  duration 
of  effect  of  phosphatic  fertilizers  applied  to  a  limed  soil. 

REVERSION  OF  PHOSPHORIC  ACID  IN  FERTILIZER. 

It  is  a  well-known  fact  that  in  the  manufacture  of  super-phosphates, 
if  the  soluble  phosphoric  acid,  or  rather  water-soluble  phosphates 
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lorined  by  the  action  of  sulfuric  acid  upou  tiicalcic  phosphate,  the 
so  called  "bone  phosphate  of  lime,"  be  brought  into  contact  with 
wood  ashes,  lime  or  even  fresh  portions  of  raw  phosphates,  the  soluble 
compounds'  will  be  wholly  or  in  part  reverted  or  reconverted  into 
tricalcic  phosphate,  diflering  from  the  original  only  in  being  more 
finely  sub-divided  than  is  possible  by  a  purely  mechanical  process. 
The  chemically  precipitated  phosphate  is  much  more  soluble  than 
that  occurring  in  nature;  thus,  Warington*  found  that,  at  ordinary 
temperatures,  there  were  required  of  water  saturated  with  carbonic 
acid  gas,  to  dissolve  one  part  of  pure  precipitated  tricalcic  phos- 
phate, 1,789  parts;  to  dissolve  one  part  of  the  phosphate  of  lime  in 
bone  ash,  6,788  parts.  Voelckert  found  that  4,900  parts  of  water 
dissolve  one  part  of  pure  precipitated  tri-magnesia  phosphate,  while 
12,610  parts  were  required  for  similarly  prepared  tricalcic  phosphate. 

REVERSION  TN  SOIL. 

Now,  it  is  clear  that  very  shortly  after  their  introduction  into  the 
soil,  soluble  phosphates  must  be  converted  into  less  soluble  com- 
pounds, whether  of  lime,  magnesia,  iron  or  alumina,  unless  the  soil 
be  one  containing  neither  the  earthy  carbonates  nor  the  oxids  of  iron 
and  aluminum.  Such  soils  are  very  rare.  FarskyJ  found  that  m 
twenty-four  hours,  over  60  per  cent,  of  the  water-soluble  phosphoric 
acid  of  acid  phosphate  applied  to  a  certain  soil  had  lost  its  capacity 
of  solution  in  water.  In  such  cases  the  principal  advantage  of  acidu- 
lation  of  the  phosphate  must  be  found  in  its  more  thorough  dissemina- 
tion in  the  soil  and  in  the  finer  state  of  subdivision  obtained  than  can 
be  secured  by  the  mechanical  pulverization  and  stirring  in  of  raw 
phosphates. 

IN  NON-FERRUGINOUS  SANDY  SOILS  AND  PEATS. 

In  non-ferruginous  sands  and  peaty  soils,  the  addition  of  lime 
would  result  in  a  quicker  conversion  to  less  soluble  form,  of  any  acidu- 
lated phosphate  later  applied.  In  the  absence  of  lime,  this  "fixation" 
would  not  occur  and  while  the  soluble  phosphate  could  be  some- 
what more  promptly  taken  up  by  the  plant,  it  is  far  more  likely  to 
lose  by  leaching  and  to  cause  injury  to  the  crop  by  over-concentra- 
tion. Soils  that  are  artificially  deprived  of  basic  material  by  action 
of  strong  acids,  exhibit  a  similar  inability  to  "fix"  phosphoric  acid. 

IN  FERRUGINOUS  SOILS. 

In  the  absence  of  lime  or  magnesia,  there  is  a  tendency  to  imme- 
diate union  with  iron  oxid  or  alumina,  with  the  result  of  an  almost 


•  Gf.  Storer,  I,  262. 

tioc.  at. 

tRep.  Pa.  Agr.  Exp.  Station,  1SS7. 
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immediate  loss  of  availability.  It  is,  therefore,  urged  in  behalf  of 
lime  and  magnesia  that  their  presence  results  in  a  far  greater  dura- 
tion of  effect  from  super  phosphates  than  could  otherwise  be  secured; 
and  their  application  to  a  non-calcareous  soil  must  greatly  increase 
the  value  of  later  applications  of  soluble  phosphates  as  well  as  in- 
crease the  availability^  of  the  phosphatic  compounds  already  present 
in  the  soil. 

Kellner,  Sakano,  Sato  and  Shinjo*  found  that  lime  added  to  a  deep, 
yellow  sub-soil  of  an  irrigated  field  did  not  prevent  the  quick  conver- 
sion of  a  subsequently  applied  dressing  of  water-soluble  phosphate 
into  a  form  not  capable  of  solution  in  neutral  ammonium  citrate. 
This  may  have  been  because  the  quantities  of  lime  applied  (equiva- 
lent to  from  0.25  to  5.0  per  cent,  of  the  soil)  may  not  have  equalled  the 
oxids  of  iron  and  alumina  present.  On  a  "paddy"  soil  of  the  same 
geological  origin,  but  rich  in  organic  matter,  the  lime  retarded  the 
formation  of  the  insoluble  phosphates,  especially  where  the  propor- 
tion of  lime  was  over  1  per  cent,  of  the  air-dry  soil.  Kellner  believes, 
however,  that  the  humus  of  the  paddy  soil  is  useful  in  accomplishing 
part  of  this  retardation. 

IN  CALCAREOUS  SOILS. 

.  '\^oelckerv  notes  that  heavy  dressings  of  rich  super-phosphates  are 
not  nearly  so  valuable  on  the  sandy  soils  of  England  as  on  calcareous 
soils. 

CHOICE  OF  PHOSPHATES  FOR  DIFFERENT  SOILS. 

Deh^raini  urges  that  long  cultivated  soils  are  those  for  which 
soluble  phosphates  are  best  adapted.  On  old,  non- calcareous  soils 
he  regards  the  basic  slag  phosphates,  which  themselves  contain  lime 
in  caustic  or  carbonate  form,  as  preferable;  and  only  on  old  grass 
lands  newly  cultivated  or  on -virgin  soils  rich  in  organic  matter  does 
be  recommend  the  trud  of  non-acidulated  phosphates.  Bernard,§ 
upon  the  basis  of  numerous  observations  as  well  as  upon  theoretical 
considerations,  strongly  advocates  the  same  selection. 

LIMING  INCOMPATIBLE  WITH  USE  OF  NON-ACIDULATED  PHOS- 
PHATES. 

Speaking  of  the  use  of  lime  with  raw  phosphates,  Deh^rain**  ob- 
serves that  the  latter  should  never  be  used  simultaneously  with  lime, 
since  the  latter  will  prevent  the  solvent  action  of  organic  acids  upon 
the  phosphates.  In  France,  where  non-acidulated  bone-black  used  to 
be  employed  as  a  fertilizer,  it  was  found  to  yield  no  benefit  eitL-  ^• 

'Bulletin  No.  9,  College  of  Agriculture.  Tokio,  Japan;  Exp.  Sta.  Record,  2,  764-5. 
tQuoted  by  Storer,  II,  286. 
ITraitfe  de  Chlm.  agricole,  769-770. 
§Le  Calcaire,  91-120. 
**0v.  ext.,  760-761. 
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with  or  after  a  liming;  if,  however,  the  liming  follows  a  year  later,  an 
increase  in  the  efficiency  of  the  phosphoric  acid,  by  that  time  partially 
changed  to  the  iron  and  aluminum  compounds,  was  exhibited,  from 
causes  already  explained.  These  remarks  apply  better  to  raw  lime 
phosphates  than  to  those  of  iron  or  alumina. 

FIXATION  BY  MAGNESIA. 

Kellner-  claims  for  magnesia  also  a  strong  influence  in  retarding 
the  reversion  of  phosphates  in  the  soil. 


Influence  of  Lime  upon  the  Weathering  of  Rocks. 


DOUBLE  SILICATES  INFLUENCE  SOIL  RETBNTIVENESS. 

In  discussing  the  efeect  of  lime  as  a  liberator  of  potash  in  the  soils, 
it  was  noted  that  among  the  minerals  most  largely  attacked  were 
the  hydrous  double  silicates  of  potash  and  alumina.  The  investi- 
gators mentioned  in  that  connection  have  found  that,  commonly,  an 
excess  of  a  potash  salt  or  ammonium  salt  is  capable,  when  introduced 
into  a  soil  containing  a  hydrous  double  silicate  of  lime  and  alumina 
of  displacing  the  lime  and  leaving  the  potash  or  ammonia  fixed  in 
the  silicate.  It  is  obvious  that  the  presence  of  a  goodly  proportion 
of  such  double  silicates  must  contribute  very  largely  to  that  store  of 
fertilitiy  which,  if  not  at  once  fully  available,  come  into  activity  in 
response  to  good  tillage  and  enables  the  soil  to  withstand  the  drain 
of  heavy,  continuous  cropping;  and,  also,  to  the  ability  of  the  soil  to 
take  up  and  retain  in  fairly  available  form,  without  undue  waste  by 
leaching,  such  heavy  dressings  of  potash  and  ammonium  compounds 
as  it  may  receive— a  property  often  lacking  in  lighter  soils. 

LIME  promotes  WEATHERING  AND  FORMATION  OF  DOUBLE  SILI- 
CATES. 

Numerous  investigations  show  both  directly  and  indirectly  that  lime 
greatly  promotes  the  weathering  of  minerals;  thus,  making  their 
constituents  available  to  the  plant,  and  especially  contributes  to  the 
formation  of  this  valuable  class  of  soil  components,  the  double  sili- 
cates. A  little  of  the  evidence  bearing  particularly  upon  this  latter 
point  may  be  of  interest. 

Hydraulic  cements  are  found  to  contain  large  quantities  of  hydrous 
double  silicates  of  lime  and  alumina;  the  setting  under  water  is  at- 
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tributed  to  the  formation  of  crystals  of  these  compouuds  as  they 
complete  their  hydration.  These  cements  can  be  artificially  made 
by  mixing  certain  clays  of  A  olcanic  origin,  or  burned  clays  with  moist 
lime.  Many  clays  whicl)  themselves  show  little  tendency  to  be  acted 
upon  by  hydrochloric  acid,  as  the  hydrous  double  silicates  readily 
are,  are  largely  decomposed  by  it  after  having  been  exposed  for  a 
week  or  two  to  the  action  of  milk  of  lime. 

Storer*  notes  the  fact  that  old  mortars  are  often  found  to  contain 
notable  quantities  of  hydrous  silicates,  so  that  caustic  lime  must  be 
able  to  attack  even  the  strongly  resistant  grains  of  sand.  In  the  same 
connection,  he  presents  the  results  of  experiments  by  Stockhardt 
proving  that  lime  attacks  powdered  quartz  as  well  as  gelatinous 
silica,  forming  a  hydrous  lime  silicate,  and  that  it  also  decomposes 
powdered  feldspar — a  mineral  which  resists  the  action  of  strong  acids. 
Liming  is  said  to  be  especially  efficacious  upon  such  clays  as  contain 
broken  but  undecomposed  fragments  of  feldspar. 

By  this  increase  of  weathering,  therefore,  not  only  is  the  amount  of 
free  potash  made  more  abundant,  but  the  retentiveness  of  the  soil 
and  its  durability  are  at  the  same  time  enlarged. 

indeed,  numerous  laboratory  experiments  show  that  many  soils 
gain,  by  admixture  of  lime  or  lime  carbonates  or  other  of  its  salts, 
greatly  in  their  power  to  lix  potash,  soda,  ammonia,  etc. 

It  is,  furthermore,  evident  that  the  liming  of  sandy  soils,  especially 
of  those  largely  made  up  from  minerals  other  than  quartz,  in  addi- 
tion to  any  value  it  gives  in  a  direct  contribution  to  the  food  supply 
in  the  soil,  must  also  tend  to  secure  a  most  important  benefit  in  in- 
creased retentiveness  for  added  fertility,  a  property  in  which  such 
soils  are  very  deficient. 

IMPORTANCE   OF  LIME   IN  CLAY-BURNING. 

The  expensive  process  of  clay-burning  so  much  used  upon  certain 
soils  of  England  and  Germany,  a  few  decades  since,  was  unproductive 
of  any  ()eneficial  results,  Lloyd  states,  unless  lime  was  present  in  the 
clay.  Storerf  asserts,  however,  that  all  plastic  clays  are  benefitted 
in  texture  if  properly  burned,  but  that  those  containing  lime  are 
most  benefitted.  Voelckert  found  that  a  clay  containing  31.38  per 
cent,  of  calcium  carbonate  and  58.62  per  cent,  of  real  clay  gave  the  fol- 
lowing results,  in  terms  of  the  entire  soil: 


*0p.  cit.  II,  150. 
top.  at..  II,  280-1. 
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Similar  results  were  obtained  on  other  soils  by  other  investiga 
tors.    Undoubtedly,  therefore,  one  of  the  most  important  beneficial 
results  from  this  treatment  is  found  in  the  increased  proportion  of 
alkaline  silicates  and  more  highly  available  potash  in  the  soil. 


Reactions  upon  the  Soluble  Salts  of  Potash  and  Soda. 


Potash  and  soda  are  contained  in  soils  not  alone  in  the  form  of 
anhydrous  and  hydrous  silicates,  but  also  to  a  greater  or  less  extent 
in  the  form  of  soluble  salts.  Upon  this  class  of  compounds,  as  well 
as  the  former,  lime  reacts  with  important  results. 

lime;  and  salt  composts. 
The  use  of  salt  with  lime  in  composting  peat  and  other  vegetable 
matters  has  been  largely  practiced.  The  lime  decomposes  the  salt, 
forming  calcium  chlorid  and  caustic  soda;  the  latter  , of  the  two 
resulting  compounds  being  the  more  readily  diffusible,  separates  in 
a  porous  compost  from  the  chlorid  and  reacts  more  powerfully  than 
caustic  lime  in  decomposing  the  vegetable  matter.  Prof.  S.  W. 
Johnson*  found  a  compost  of  peat  and  ashes,  with  lime  in  one  case, 
and  lime  and  salt  in  another,  gave  crops  of  pop-corn  of  43.22  and  46.42 
grammes  weight  respectively,  showing  the  superior  activity  of  the 
latter  agency  for  decomposition. 

Storerf  suggests  that  this  may  afford  a  possible  explanation  for 
certain  exceptionally  good  results  obtained  from  dressings  of  salt  ap- 
plied to  limestone  soil,  the  soda  compound  formed  in  this  case  being 


*Citea  hy  Stcrer,  Oi).  cit..  II,  19. 
top.  cit..  II.  16S-9. 
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tilt'  eaiboLiate,  however,  rather  than  the  hydrate,  or  caustic  soda.  A 
similar  reaction  would  take  place  with  potash  salts. 

LIME  AS  A  PREVENTIVE  AGAINST  INCRUSTATION. 

Heinrich*  notes  thau  a  frequent  consequence  of  heavy  applica- 
tions of  soluble  fertilizers  (kainit,  nitrate  of  soda,  etc.)  to  the  soil 
is  the  formation  of  troublesome  crusts  upon  the  surface  that  are  only 
temporarily  remedied  by  cultivation,  the  next  rain  being  followed 
by  a  reappearance  of  the  crust.  The  simultaneous  use  of  lime,  prefer- 
ably in  the  form  of  carbonate,  with  such  fertilizers,  is  recommended 
by  him  as  a  very  excellent  preventative  against  the  incrustation. 

Lime  and  calcareous  marls  have  also  been  found  valuable  as  cor- 
rections for  the  white  alkali  soils  of  the  arid  regions  of  the  west,  when 
these  soils  contain  much  of  the  sulfate  or  chlorid  of  magnesium  and 
similar  salts. 

EXCESS   OP  ALKALINE   HYDRATES  AND   CARBONATES   MAY  WORK 

INJURY. 

It  may  easily  happen,  however,  that  the  alkaline  hydrates  or  car- 
bonates that  prove  such  valuable  aids  in  decomposing  humus,  may 
occur  in  such  excess  as  to  cause  decided  injury.  It  is  a  well  estab- 
lished fact  that  these  materials  have  an  influence  upon  the  texture  of 
clay  soils  opposite  to  that  of  lime,  causing  such  a  soil  to  puddle, 
become  plastic  and  remain  moist.  Even  on  light,  sandy  soils,  heavy 
dressings  of  wood  ashes  have  produced  such  a  degree  of  coherence 
between  the  particles  as  to  make  plowing  a  diflicult  matter.  In  the 
"black  alkali"  soils  of  California,  Hilgardf  has  found  large  quantities 
of  sodium  carbonate  and,  in  conse<iuence  of  its  influence,  these  soils 
are  most  refractory;  furthermore,  in  the  great  excess  in  which  the 
salt  is  present,  it  seems  to  work  corrosively  upon  the  vegetation  that 
starts  growth  upon  these  soils. 

It  is  entirely  possible,  therefore,  that  the  reactions  between  the  al- 
kaline salts  and  lime,  either  the  hydrate  or  carbonate,  that  occurs 
when  large  dressings  of  lime  are  applied  to  lands  heavily  impregnated 
with  these  salts,  or  when  the  latter  are  applied  in  large  quantities  to 
clay  lands  rich  in  calcium  carbonate,  may  produce  so  large  quanti- 
ties of  the  sodium  or  potassium  hydrates  or  carbonates  as  to  work 
injury.  Indeed,  Heinricht  states  that  he  has,  in  two  instances,  ob- 
served injurious  results  from  the  application  of  marl  (used  because 
of  the  calcium  carbonate  it  contains),  once  upon  land  in  whose  neigh- 
borhood a  deposit  of  salt  was  later  discovered,  and  once  upon  soil 
that  had  received  heavy  applications  of  sewage,  which  is  always  rich 
in  common  salt. 


•Mergel  u.  Mergeln.  18. 
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Lime  Cokkects  Harmful  Influence  of  Ferrous  Salts. 


There  are  often  found  in  such  soils  as  are  shut  off  from  free 
access  of  air,  such  as  stiff  sub-soils  and  undrained  swamps  and 
moors,  ferrous  compounds  produced  probably  by  the  reduction 
of  ferric  salts  or  ferric  oxids  and  hydrates.  Even  after  swamps  and 
marshes  have  been  reclaimed,  it  is  probable  that  in  the  presence  of  the 
large  amounts  of  organic  matter  such  lands  contain,  there  can  not 
be  an  immediate,  complete  oxidation  of  such  compounds  to  ferric 
forms.  Maercker*  asserts  that  the  presence  even  of  considerable 
quantities  of  ferrous  oxid  does  not  necessarily  render  moor  earth 
uncultivable,  so  long  as  the  iron  remains  in  insoluble  combinations, 
such  as  a  double  ferrous  and  calcic  humate,  for  example. 

While  it  is  true  that  the  humates  and  ulmates  of  iron  are  nearly 
insoluble  in  water,  Mulderf  found  the  ferrous  compounds  of  apoc- 
renic  and  crenic  acids  to  be  soluble.  Since,  therefore,  the  latter 
compounds  are  likely  to  occur  in  sub-soils  and  marshy  lands,  it  is 
not  improbable  that  a  part  of  the  marked  infertility  of  fresh  turned, 
yellow  clay  sub-soils  and  of  recently  drained  marsh  lands  is  due  to 
these  compounds  as  well  as  to  the  sulfates,  whose  action  will  be  dis- 
cussed later. 

The  cause  of  their  injurious  effect  is  not  fully  understood.  The 
more  commonly  accepted  theory  attributes  the  ill  effect  to  the 
avidity  with  which  they  take  up  oxygen,  robbing  the  plant  roots  of 
their  requisite  supply. 

If  such  soils  be  limed,  the  iron  is  thrown  down  in  an  insoluble 
form  and  may  then  be  slowly  oxidized  without  working  so  great 
injury  to  vegetation. 


Lime  Corrects  Soil  Acidity. 


FORMATION  OF  SULFIDS  IN  SOILS. 

In  discussing  the  sources  of  the  lime  present  in  our  limestone 
formations,  mention  was  made  of  the  fact  that  in  the  waters  of  certain 


♦Quoted  by  Storer,  I,  480. 
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springs  and  in  tlie  mnd  of  the  sea  bottoms,  calcium  sulfate  is  being 
constantly-  reduced  to  the  form  of  sultid,  largely  through  the  agency 
of  living  organisms.  lA  similar  reduction  of  the  sulfate  of  lime 
and  ferrous  sulfate  occurs  when  they  are  in  contact  with  large  pro 
portions  of  decomposing  organic  matter.  Deh^rain,*  applying  gyp- 
sum (sulfate  of  lime)  to  soils  of  varying  richness,  found  after  a  month 
that  from  a  soil  moderately  rich  in  organic  matter,  0.55  gr.  of  sulfuric 
acid  had  disappeared,  from  a  soil  containing  more  humus,  0.100  gr., 
and  from  a  marsh  soil,  0.347  gr. 

SULFIDS  OFTEN  OXIDIZE  TO  INJURIOUS  SULFATES. 

These  sulfids  sometimes  decompose,  under  the  influence  of  carbonic 
acid,  with  the  formation  of  the  corresponding  carbonates,  the  sulfur 
going  off  in  the  form  of  sulfuretted  hydrogen.  But  in  many  marshes, 
bogs  and  moors  they  accumulate,  the  iron  sulfid  in  particular. 

These  sulflds  appear  to  be  directly  injurious  to  plants,  but  it  is 
probable  that  a  large  part  of  the  damage  they  work  is  due  to  the 
sulfuric  acid  and  ferrous  sulfates  they  form  when  oxidized.  For 
Farskyt  has  shown  that  the  direct  addition  of  free  sulfuric  to  soils 
is  injurious  to  vegetation,  and  Mulder!  found  that  humic  acid  lib- 
erates sulfuric  acid  from  ferrous  sulfate. 


OCCURRENCE  IN  MARSH  LANDS.  , 

In  the  reclamation  of  the  sea  bottoms  practiced  in  Holland,  the 
injurious  action  of  sulflds  and  sulfates  has  been  experienced  and  it 
doubtless  occurs  to  some  degree  in  all  cases  of  reclamation  of  tide- 
water marshes,  and  of  the  bottoms  of  quiet  pools  and  dams.  It  is 
noted,  in  the  management  of  the  old  Acadian  dyke-lands  of  Nova 
Scotia,  which  are  flooded  every  few  years  and  then  again  drained, 
that  after  i?uch  renovation  the  lands  remain  almost  entirely  unpro- 
ductive for  a  year  or  two.  It  is  possible  that  this  is  due  in  part  to  the 
sulflds,  as  well  as  to  the  sea  salts  taken  up  by  the  earth. 

OCCURRENCE  BELOW  COAL  STRATA. 

There  are  many  limited  areas  in  Pennsylvania  lying  just  below  and 
receiving  the  leachings  from  the  coal  outcrops  and  the  contiguous 
slate  strata,  that  are  almost  wholly  unproductive  because  of  the 
ferrous  sulfate  and  sulfuric  acid  formed  by  the  oxidation  of  the  iron 
pyrites  in  the  coal  and  slate  and  seeping  into  these  lower  Boils. 

INJURIES  BT  MINE  WATER. 

There  are  also  in  our  State  hundreds  of  acres  of  once  fertile  river 
and  creek  bottom  lands,  through  which  pass  streams  receiving  mine 

5  ■  '  - 
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waters  charged  with  tree  acid,  ferrous  sulfate  and  pyrites-containiug 
culm,  that  have  become  sterile  because  of  deposits  of  the  culm  upon 
their' surface  and  the  percolation  of  the  acid  waters  into  their  pores. 
Even  where  the  layer  of  culm  is  not  heavy,  the  sulfates  and  acids  form- 
ed from  the  pyrites  often  prove  wholly  destructive  to  all  valuable  vege- 
tation, wild  blackberries,  dewberries  and  certain  weeds  taking  the 
place.  Coming  upon  light,  sandy  alluvium  not  very  rich  in  lime  or 
magnesia  at  the  outset,  such  deposits  work  an  injury  that  is  per- 
manent through  many  years,  and  sometimes  utterly  destructive  if 
the  land  be  left  to  the  corrective  action  of  natural  ag-encies. 

LIME  AS  A  CORRECTIVE. 

If,  however,  lime,  either  in  the  caustic  condition  or  as  carbonate,  be 
applied  to  such  lands,  the  free  acid  is  at  once  neutralized  and  the 
ferrous  salt  soon  decomposed  into  harmless  compounds,  and  even 
the  pj rites  more  rapidly  converted  into  non-injurious  ferric  oxid  and 
calcium  sulfate.  Magnesium  hydrate  or  carbonate  would  also 
promptly  neutralize  the  free  acid  and  decompose  the  ferrous  salts. 

Such  dressings  of  lime  might  not  be  very  effective,  however,  in  case 
of  lands  injured  by  mine-water,  if  the  acid  water  were  constantly 
rising  by  percolation  from  the  sub  soil,  or  if  the  surface  soil  were  so 
situated  as  to  receive  frequent  and  large  deposits  of  culm. 

LITMUS  TEST  FOR  SOIL  ACIDITY. 

If  the  "burning"  and  partial  or  entire  failure  of  good  grasses,  clover, 
and  cereals  upon  the  soil  and  the  substitution  of  the  characteristic 
vegetation  above  mentioned,  is  not  an  entirely  conclusive  proof  of  the 
nature  of  the  injury,  a  direct  chemical  test  may  be  made  to  determine 
whether  or  not  the  soil  is  acid.  It  must  be  frankly  admitted  that  the 
existing  tests  used  for  this  purpose  are  not  as  delicate  and  conclusive 
as  is  desired,  owing,  in  large  measure,  to  the  action  of  the  carbonic 
acid  which  is  to  some  degree  present  in  the  air  and  moisture  of  most 
soils;  consequently,  the  detection  of  slight  acidity  is  a  matter  of  un- 
certainty even  when  the  test  is  applied  by  an  experienced  chemist. 

The  litmus  test  is  one  applicable  to  soils  devoid  of  humus  as  well 
as  to  those  rich  in  that  constituent.  Litmus  is  a  vegetable  dye  which 
turns  to  a  very  pronounced  blue  tint  in  alkaline  solution,  and  to  a 
bright  to  pinkish  red  in  acid  solution.  It  is  most  conveniently  ap- 
plied by  means  of  strips  of  paper  dyed  with  the  coloring  matter.  A 
few  cents'  worth  of  the  blue  litmus  paper  should  be  purchased  from 
the  druggist,  and  with  as  little  handling  as  possible,  placed  in  a 
stoppered  or  corked  bottle  and  kept  in  the  dark,  because  sunlight 
causes  the  tints  to  fade.  The  most  satisfactory  method  ])roposed  for 
applying  this  test  is  that  of  Dr.  H.  J.  Wheeler:*    "A  tablespoonful 
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ot  more  of  soil  is  placed  in  a  tumbler  or  cup  and  moistened  with  suf- 
ficient water  to  make  the  mass  of  about  the  consistency  of  thick  paste; 
allow  it  to  stand  for  fifteen  to  twenty  minutes  before  making  the 
test.  With  a  knife-blade  part  the  soil  and  insert  one  end  of  a  strip  of 
the  paper,  press  the  soil  about  the  paper  and  after  two  to  five  minutes 
remove  the  paper  without  tearing  it;  rinse  off  the  adhering  soil  with 
water  and  note  whether  it  still  retains  a  blue  tint  or  has  become  posi- 
tively red.  If  the  soil  has  a  reddish  tint,  it  may  be  better  to  bring 
but  one  side  of  the  paper  into  contact  with  it,  and  if  a  red  color  comes 
through  to  the  other  side  it  may  be  concluded  that  the  soil  is  acid. 
Care  must  be  taken  not  to  handle  the  end  of  the  paper  used  in  making 
the  test,  since  the  touch  of  the  fingers  may  redden  it."  Fresh-boiled 
and  cooled  rain  water  is  best  employed  for  moistening  the  soil.  If 
there  be  much  carbonic  acid  in  the  soil  moisture,  a  permanent  wine- 
red  color  may  be  obtained;  but  this  is  not  indicative  of  injurious 
acidity.  If  a  drop  of  very  dilute  vinegar  be  brought  upon  the  paper, 
it  will  give  the  kind  of  tint  that  an  acid  soil  imparts,  though  the  latter 
is  often  fainter.  Any  soil  giving  this  tint  needs  an  alkaline  treat- 
ment; if  the  acidity  is  very  slight,  it  may  be  temporarily  corrected 
by  use  of  well-rotted  stable  manure,  but  if  considerable,  requires  the 
more  powerful  and  permanent  action  of  lime,  caustic  or  carbonate. 

ACIDITY  FROM  FERTILIZERS. 

It  sometimes  happens  that  an  acid  phosphate  applied  to  a  non- 
calcareous  soil,  or  in  large  quantities,  to  one  moderately  rich  in  lime  or 
magnesia,  or  upon  very  dry  soil,  or  with  very  imperfect  admixture 
with  the  soil  owing  to  the  manner  of  application,  produces  a  tempo- 
rary acidity  in  the  neighborhood  of  the  germinating  seed  or  young  cut- 
tings, with  the  result  that  they  are  "burned"  and  often  killed.  On 
highly  calcareous  soils  or  on  such  as  have  recently  received  a  moderate 
dressing  of  lime,  such  injury  is  far  less  frequent.  Also,  there  was 
placed  upon  the  market,  about  twenty  years  ago,  an  Imperfectly  pre- 
pared sulfate  of  potash,  which  was  really  an  acid  sulfate  of  potash; 
it  wrought  injury  in  the  same  way.  There  is  little,  if  any,  of  this 
preparation  now  on  sale,  as  a  very  simple  method  of  preparing  a 
safe  product  from  the  imperfect  material  has  been  discovered. 

ACIDITY  CAUSED  BY  SELECTIVE  ABSORPTION  OF  BASES  BY  PLANTS. 

A  third  cause  affecting  the  soil  reaction  is  found  in  the  power 
whicli  plants  j)0ssess  of  selective  absorption  of  the  base  or  acid  of  a 
salt,  leaving  in  the  soil  the  unabsorbed  residue.  There  are  several 
views  as  to  the  point  at  which  the  decomposition  of  the  salt  actually 
occurs,  but  the  fact  of  such  selective  absorption  Is  thoroughly  es- 
tablished.   This  was  first  noted  by  Stohmann  and,  later,  Kuhn* 


♦Henneberg's  Journal,  1864,  pp.  116  and  135. 
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found  that  upon  growing  maize  in  solutions  containing  ammonium 
chlorid,  the  ammonia  was  absorbed,  leaving  a  residue  of  hydrochloric 
acid  in  the  liquid  that  accumulated  to  such  strength  as  to  kill  the 
plants.  In  other  cases,  such  as  those  of  tri-calcium  phosphate  or 
sodium  nitrate,  the  plant  tends  to  use  more  of  the  acid  than  of  the 
base  leaving  the  latter  in  the  soil.  Adolph  Mayer*  groups  the  more 
important  fertilizer  compounds  according  to  their  result  upon  soil 
reaction  as  follows: 

Neutral:  Calcium  sulfate  .(gypsum),  magnesium  sulfate,  sodium 
chlorid  (common  salt),  super-phosphate  and  potassium  nitrate. 

Potassium  chlorid  (muriate  of  potash),  ammonium  sulfate, 
potassium  sulfate  and  German  potash  salts  in  general. 

Basic  or  alkaline:  Calcium  carbonate,  wood  ashes,  caustic  lime, 
potassium  carbonate,  undissolved  calcium  phosphate,  sodium  nitrate 
(nitrate  of  soda)  and  bone  meal. 

The  kind  of  selection  made  varies  also  with  the  plant;  thus,  wheat 
and  clover  grow  with  roots  intermixed,  yet  the  former  takes  up  more 
of  silica  than  any  other  ash  constituent,  while  clover  retains  little  of 
this  acid  compound  but  accumulates  the  bases,  lime  being  the  most 
c  h  &  r  3.  c  t  on  st  1  c  • 

It  must  not  be  inferred  from  the  foregoing  statements  that,  given 
a  sufficiency  of  food  supply,  the  plant  is  wholly  uninfluenced  in  its 
ash  composition  bv  the  nature  of  the  soluble  materials  in  the  sml, 
for  all  plants  seem  to  take  up,  under  such  circumstances,  an  excess 
of  the  soluble  salt  without  making  any  use  of  it  in  tissue  formation. 

ACIDITY  FROM  HUMUS. 

A  fourth  and  the  most  general  cause  of  soil  acidity  is  the  acid 
humus  resulting  from  the  decay  and  slow  oxidation  of  the  vegetable 
matter,  leaves,  stubble,  roots,  inverted  sod  or  green  manures  in  the 
soil.  The  formation  of  the  common  plant  acids,  oxalic,  tartaric 
citric,  etc.,  is  the  result  of  oxidations  within  the  plant.  Sugar, 
starch,  gums  and  woody  matters  form,  under  the  action  of  oxidizing 
chemicals  of  ferments,  acetic,  lactic,  saccharic,  mucic  and  oxalic 
acids;  and  when  the  same  substances  are  acted  upon  by  boiling  hydro- 
chloric acid  or  strong  potash  lye,  brown  or  black  substances  are 
formed  closelv  resembling  those  that  are  extractible  by  the  aid  of 
alkalies,  caustic  or  carbonated,  from  most  soils,  and  separable  from 
these  eitracts  when  the  latter  are  made  slightly  acid.  When  thor- 
oughly washed,  these  precipitates  are  found  to  be  distinctly  acid 
and  t'apable  of  decomposing  some  mineral  salts.  The  acid  from 
dark  peat  is  almost  black  in  color  and  is  called  A  acid:  that 
from  brown  peats  and  ordinary  soils  is  commonly  brown  and  is  termed 

•Ldw.  Vers.  Stat.,  23,  94-5.  ----- 
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uliidc  acid;'i\iiiv^  are  other  more  highly  oxidized  acids  present,  but 
more  diilicultly  separable,  known  as  apocreuic  and  crenic  acids,  and 
many  others  are  present  in  minute  quantities.  It  is  very  doubtful 
whether  the  true  nature  of  these  acids  of  the  humus  has  yet  been 
ascertained,  since  their  separation  in  a  pure  state  is  very  difficult. 
Fremy,*  on  the  basis  of  its  composition  and  solubility  in  alkaline 
carbonate  solutions,  believes  humus  to  be  derived  from  the  ligneous 
matter  or  vasculose,  he  terms  it,  of  the  woody  tissues  that  have  suf- 
fered incomplete  oxidation  in  the  soil.  Whatever  may  be  the  true 
solution  of  its  origin  and  constitution,  these  facts  are  clear:  That  the 
organic  matters  of  the  soil  undergo  a  gradual  oxidation  whereby  vege- 
table tissues  lose  all  appearance  of  structure,  acids  are  formed  and, 
if  conditions  favor,  are  finally  completely  oxidized  to  form  water, 
carbonic  acid  gas  and  certain  nitrogenous  compounds.  If  the  access 
of  air  be  imperfect,  as  when  the  soil  is  low  and  filled  with  standing 
water,  the  humus  may  accumulate;  in  cold  climates  this  is  especi- 
ally the  tendency,  as  the  mossy  tundras  of  Britsh  North  America, 
the  heaths  of  Scotland,  the  moors  of  North  Germany  and  the  bogs 
of  Ireland  witness;  but  in  warmer  latitudes,  as  along  the  Amazon, 
the  decaj'  is  so  rapid  that  a  few  years  suffices  to  remove  all  traces  even 
of  a  giant  tree  trunk  felled  to  earth. 

In  low,  wet  swamps  and  marshes  where  the  alkaline  and  calcareous 
matters  are  deficient,  the  result  is,  of  course,  that  acids  form  far 
in  excess  of  the  neutralizing  power  of  the  bases  present.  A  similar 
result  may  occur  tempoi-arily  where  a  heavy  green-manuring  crop 
is  turned  under  by,the  plow  in  a  non-calcareous  soil  or  in  a  calcareous 
soil  with  which  it  is  incompletely  mixed  from  lack  of  proper  tillage. 

The  free  acid  in  such  cases  is  not  wholly  composed  of  these  humus 
conipounds,  for  both  humic  and  ulmic  acid  have  been  found  by 
Eichhornf  to  possess  the  power  of  uniting  with  the  bases  of  the 
common  neutral  salts  of  the  alkalies  and  alkaline  earths,  liberating 
their  mineral  acids;  this  reaction  is  rarely  complete,  however,  a  por- 
tion of  the  free  acidity  being  directly  due  to  humus  acids. 

The  free  acid  is  injurious  to  valuable  grasses  and  rnost  cultivated 
crops,  both  directly  and  indirectly,  by  affecting  the  bacterial  life 
in  the  soil,  upon  which  many  of  its  desirable  changes  depend,  and 
by  bringiag  into  solution  poisonous  ferrous  compounds. 

Most  cultivable  soils  are  faintly  acid,  owing  to  the  presence  of 
carbonic  acid  in  the  soil  moisture,  but  any  excess  of  acidity  due  to  the 
four  causes  just  considered  is  highly  prejudicial. 

LOWLAND  ACID  SOILS. 

Owing  to  the  fact  that  marshes  and  swamps  naturally  occupy  low 
positions  and  that,  owing  to  the  tendency  of  lime  to  pass  by  leaching 

'Cf.  Dthfirain,  Traite  de  Chimie  agricole,  241  seq.;  393. 
fC/.  Stcrer,  I,  482.  , 
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from  the  table  lands  and  slopes  to  the  valleys,  the  occurrence  of  de- 
cidedly acid  lowland  soils,  even  among  woodlands,  as  Tacke*  has 
shown,  is  quite  rare,  it  has  come  to  be  generally  thought  among  agri- 
cultural writers  that  soil  acidity  is  a  subject  requiring  little  considera- 
tion. 

UPLAND  ACID  SOILS. 

When  it  is  recalled,  however,  that  many  soils  are  derived  from 
rocks  poor  in  lime,  such,  for  example,  as  certain  granites,  and  that 
the  lime,  even  of  a  soil  originally  rich  in  that  constituent,  is  some- 
times almost  wholly  removed  by  leaching  from  an  upland,  it  is  not 
surprising  that  a  careful  examination  of  soils  so  situated  reveals  many 
instances  of  markedly  injurious  acidity.    Thus,  Muntz  and  Girardf 
mention  large  areas  of  sandy  soils  in  Brittany,  Limousin  and  otner 
sections  of  France  as  distinctly  acid;  Schultz-Lupitzt  states  that  the 
sandy  soil  in  his  section  of  Germany  is  deficient  in  lime  and  sour,  and 
Ditmari  and  Hiibner||  mention  the  frequent  acidity  of  sandy  soils; 
Hilgard^*  has  noted  such  acidity  in  the  sandy  uplands  of  the  Southern 
States  and  Ruffinft  long  since  noted  the  occurrence  of  extensive 
tracts  of  that  character  in  Virginia,  while  Wheeler  and  his  asso- 
ciates have  made  certain  the  acid  character  of  large  areas  ot  Rhode 
Island  and  Southern  Massachusetts,  whose  soil  is  of  granite  origin. 

Upon  considering  that  the  major  portion  of  the  uplands  m  Penn- 
sylvania are  composed  of  soils  derived  from  geological  formations 
that  are  not  conspicuously  calcareous,  and  also  that  the  vegetation 
characteristic  of  many  of  these  upland  soils  is  made  up  of  distinctly 
calcifuge  plants,  such  as  the  chestnut,  hemlock,  etc.,  it  may  be  coa- 
fldently  anticipated  that  a  careful  examination  of  these  soils  would 
reveal  the  existence  of  many  tracts  rendered  infertile  by  reason  of 
acidity. 

AMMONIA  WATER  TEST. 

Wheelerjt  gives  another  useful  test  based  upon  the  fact  that  am- 
monia water  remains  nearly  colorless  in  contact  with  the  humates  or 
ulmates  of  lime  and  magnesia,  but  forms  a  dark  colored  solution, 
usually  brown  or  black,  when  these  alkaline  earths  are  not  present 
in  sufficient  quantitv  to  neutralize  the  humus  acids. 

The  test  is  made  bv  introducing  some  of  the  soil  to  be  tested  into 
a  small  bottle,  partiallv  filling  the  latter  with  rain  water,  adding  a 
few  drops  of  strong  ammonia  water,  corking  the  bottle,  shaking  and 
allowing  the  soil  to  settle.    The  reaction  is  not  always  immediate, 

*Se.  p.  C4.  tLe.  Engrais,  III,  100-191.  iDie  Kalidungung  auE  1^^="!"  ^"^f .  ^^^"^^j 
Vers  Stat.,  14.  277.  Schulze's  Lehrb.  Chem.  Landw.  (4th  ed.),  58S.  -X  Census.  V,  etc..  All 
quoted  by  Wheeler,  fiHep.  R.  I.  Agr.  Exp.  Sta.,  15%,  232  seq. 

t.tK.  I.  Ag.  Exp.  Station,  Bull.  46. 
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sometiuies  i'e(]uii'ing  several  hours  for  its  completion.  The  presence 
of  a  faint  yellow  color  is  not  to  be  regarded ;  but  if  the  tint  be  dark 
yellow,  brown  or  black,  the  presence  of  acid  hnmns  is  indicated. 

ACTION  OF  LIME  ON  MUCK  SOILS. 

The  application  of  lime  very  quickly  corrects  the  acidity  of  drained 
swamps  and  marshes,  and  large  applications  are  sometimes  made 
upon  new  soils  of  this  character  in  fitting  them  for  the  growing  of 
vegetables,  such  as  onions,  celery,  etc.  The  heavy  yields  resulting 
from  the  action  of  wood  ashes,  derived  from  burning  brush-heaps, 
upon  newly  cleared  timber  lands  are,  often,  in  part  attributable  to 
such  de.S'truction  of  a  mild  acidity.  Where  the  practice  of  applying 
peat  for  fertilizing  land  is  practised,  it  has  long  been  noted  that  the 
raw  or  crude  peat  frequently  works  injury  instead  of  benefit;  if,  how- 
ever, the  peat  be  allowed  to  drain  and  season  for  some  months,  the  in- 
jurious effect  is  decreased.  The  mere  weathering  of  the  peat  may  re- 
sult in  oxidizing  any  sulfids  and  ferrous  salts  contained  and  improve 
its  texture,  but  could  scarcely  correct  its  acidity;  if,  however,  the  peat 
be  composted  with  lime,  the  acidity  is  promptly  corrected  and  the  com- 
post is  very  soon  in  readiness  for  use. 

The  following  pot  experiment  made  by  Johnson*  shows  the  effect 
of  such  treatment  upon  the  crop  obtained: 


Soil. 

Compara- 
tive weight 
of  crop. 

1 

S 

10 

ACTION  OF  LIME  ON  LIGHT  ACID  SOILS. 

Some  pot  experiments  by  Wbeelerf  show  the  relative  effect  of  air- 
slaked  lime,  which  neutralizes  humus,  and  calcium  sulfate,  which 
has  no  such  power.  Upon  light,  acid  soils  dressed,  in  addition,  with 
(a)  nitrate  of  soda  and  muriate  of  potash  and  with  (b)  nitrate  of  potash 
respectively,  the  percentage  of  gain  from  the  use  of  lime  over  that 
of  the  land  plaster  or  calcium  sulfate  was  as  follows: 


•Peat  and  Its  Uses;  quoted  by  Storer,  II,  19. 
tRep.  R.  I.  Agr.  Exp.  Sat.,  1S9S,  2G9. 
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(a) 

(b) 

Sugar  Beet: 

207.52 
124.66 

96.05 
30.47 

83.15 
46.19 

56.98 
90.99 

Table  Beets: 

Clearly,  the  lime  had  a  most  important  effect  in  neutralizing  the 
acidity,  and  the  selective  absorption  exercised  by  the  sugar  beet  left 
a  considerable  residue  of  mineral  acid  in  the  soil. 

MAGNESIA  AS  A  NEUTRALIZING  AGENT. 

As  for  the  effect  of  magnesia  in  correcting  acidity,  the  remark  of 
Low*  that  magnesian  lime  is  especially  eflflcient  upon  peaty  soils  may 
bo  recalled;  this  efiSciency  may  arise  from  the  fact  that  uuder  favor- 
able conditions  for  chemical  combination,  71  pounds  of  magnesia  can 
unite  with  as  much  as  acid  as  would  require  100  pounds  of  pure  lime. 
Kellnerf  commends  its  efficiency  as  a  neutralizing  agent  for  acid  soils. 
Deh6rain$  refers  to  the  magnesian  marls  of  England  as  reputed  to 
possess  a  very  special  action,  which  is  far  from  being  explained. 

Wheeler, §  in  two  successive  years,  grew  mangels  upon  the  light, 
acid  soil  of  Rhode  Island,  to  which,  in  addition  to  equal  annual  dress- 
ings with  relatively  abundant  quantities  of  nitrate  of  soda  and  dis- 
solved bone-black,  several  neutralizing  agents  were  added  together 
with  potash  salts.  The  pots  1  and  2  received  carbonate  of  potash  only 
— in  1894,  5.84  grms. ;  in  1895,  7.7  grms.  Pots  3  to  10  received  muriate 
of  potash— in  1894,  7.36  grms.  each;  in  1895,  10  grms.  The  other 
distinctive  characters  of  treatment,  together  with  the  weights  of  air- 
dried  roots  harvested,  are  shown  below : 


Alkali  added. 


1894. 


1895. 


yield. 


1894. 


1895. 


Grammes.  Grammes.  Grammes.  Grammes, 


3.81 
7.62 
8.3 
16.6 


3.81 
7.62 
8.3 
16.6 


91.98 
91.98 


18.4 
18.4 


53.6 
67.1 


89.9 
130.0 

123.4 
133.5 
91.7 
89.7 
144.2 
135.8 


44.0 

58.0 


100.1 
126.3 
131.5 
131.3 
51.2 
91.3 
148.2 
132.0 


Pots. 


Carbonate  of  potash  only  

Carbonate  of  potash  only  

Muriate  of  Potash  Pots. 

Caustic  magnesia  

Caustic  magnesia  

Carbonate  of  soda  

Carbonate  of  soda,   

No  alkali  

No  alkali  

Air-slaked  lime  

Air-slaked  lime  


*Cf.  p.  69. 

fAmerican  Fertilizer,  6,  245. 
t.Oi).  cit.,  518. 
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The  conditions  of  moisture  and  food  supply  were  such  as  to  make 
the  chief  variable  almost  certainly  the  difl'erent  neutralizing  power 
of  the  several  alkaline  substances.  The  caustic  magnesia  is  seen 
to  have  been  almost  as  efficient  as  its  chemical  equivalent  of  car- 
bonate of  soda,  and  to  fall  not  far  below  a  very  much  larger  quantity 
of  aii*-slaked  lime. 

Upon  acid  soils,  therefore,  dressings  of  niagnesian  lime,  if  not 
made  excessive  in  quantity,  will  be  as  eft'ectual,  if  not  more  etfectual 
than  those  of  equal  weights  of  purer  limes. 

REACTION  OF  SOILS  EXPERIMENTED  UPON. 

In  discussing  the  state  of  combination  of  the  lime  and  magnesia 
contained  in  the  soils  experimented  upon,  it  was  assumed*  that  all 
the  carbonic  acid  removed  from  the  original  soils  by  the  action  of  a 
current  of  carbonic  acid-free  air  and  of  warm  hydrochloric  acid, 
had  been  present  in  the  soil  in  the  form  of  calcium  carbonate.  It 
might  be  inferred  that  since  each  soil  yielded  some  carbonic  acid 
under  this  treatment,  all  must  contain  calcium  carbonate  and,  hence, 
none  could  be  acid  in  reaction.  The  inference  is  not  strictly  war- 
ranted because  some  of  the  carbonic  acid  may  have  formed  in  the 
air  of  the  soil  from  the  oxidation  of  organic  matter,  though  the  condi- 
tions were  not  favorable  to  any  active  oxidation;  it  is  notable  that 
while  the  combined  percentages  of  lime  and  magnesia  varied  from 
0.21  to  1.5S  per  cent.,  those  of  carbonic  acid  only  ranged  from  0.025 
to  0.048  iier  cent.  Another  ground  upon  which  the  inference  may  be 
questioned  is  the  authority  of  Stockhardtf  and  of  MondesirJ  for  the 
belief  that  small  quantities  of  calcium  carbonate  may  remain  un- 
decomposed  in  a  distinctly  acid  soil,  possibly  because  of  the  large 
grain  of  its  particles  or  because  it  is  not  uniformly  distributed. 

The  water-soluble  acidity  was  determined  by  Mr.  Beistle  in  the 
aqueous  extract. made  by  washing  20  grammes  of  each  soil,  upon  a 
funnel,  with  about  100  c.  c.  of  distilled  water  and  titrating  with  very 
weak  (deci-normal)  soda  solution,  using  phenol-phthalein  as  an  indi 
cator.  In  all  but  four  cases,  only  one  drop  of  the  alkali  was  sufficient 
to  neutralize  the  acidity,  but  in  these  cases  the  quantities  requisite 


were: 

Volume  of 

No.  alkali  required. 

5   0 . 05  c.  c. 

0   0.90  c.  c. 

8,    0.10  c.  c. 

!)   0.05  c.  c. 


*('/.  Table  VI,  p.  75. 

■\Jb.  As.  Chem.,  1S66,  10. 

tAnn.   Sci.   Agrcn.,   1887,   S,  27.^-4. 
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Such  a  test,  however  poifectly  it  might  be  perfonncd,  would  uot 
suffice  to  show  any  acid  constituents  that  are  insoluble  in  water. 

Mr.  C.  W.  Norris  applied  the  litmus  test,  using  a  very  sensitive 
paper;  all  the  soils  showed  some  acidity,  but  it  was  decided  only  in 
cases  of  Nos.  5,  6.  8  and  9.  A  repetition  some  days  later  gave  the 
same  results.  The  very  faint  acidity  is,  of  course,  not  indicative  of 
a  condition  prejudicial  to  plant  life,  as  has  already  been  remarked. 

The  ammonia  test  was  also  applied  by  Mr.  Norris  by  shaking  150 
grammes  (over  four  ounces)  of  the  dry  soil  with  distilled  water  to 
which  a  few  drops  of  strong  ammonia  had  been  added,  and  noting 
any  coloration  evident  a  short  time  after  the  deposition  of  the  sedi- 
ment.   The  results  were: 

I.  No  coloration.  VI.  Very  deep  brown  color. 

II.  Light  brown  color.  VII.  Light  brown  color. 

III.  No  coloration.  VIII.  Light  brown  color. 

IV.  No  coloration.  IX.  Light  brown  color. 

V.  Decided  brown  color. 

Judging  from  the  three  tests,  No.  VI  was  strongly  acid,  No.  V  dis- 
tinctly so,  and  Nos.  VIII  and  IX  slightly.  A  portion  of  the  good 
results  observed  to  follow  liming  on  these  soils  must  be  attributed 
to  their  neutralization. 


Influence  of  Lime  upon  the  Organic  Matter  of  Soils. 


The  organic  matter  of  the  soil  is  for  the  most  part  the  partially  oxi- 
dized residue  from  pre-existing  vegetation;  the  composition  must  be, 
in  a  measure,  dependent  upon  the  kind  and  proportion  of  the  ash  con- 
stituents, nitrogenous  bodies  and  woody  and  other  carbohydrate 
matters  of  which  the  plants  were  composed,  as  well  as  upon  the 
conditions  of  their  decay. 

ULTIMATE  COMPOSITION  OF  HUMUS. 

This  decay  is  accompanied  liy  a  liberation  of  carbonic  acid,  but  if 
we  may  judge  from  the  composition  of  the  ulmic  and  humic  acids 
formed  artificially  from  sugar,  the  loss  of  carbon  is  less  than  of  tlie 
other  elements,  for  of  dextrose  it  constitutes  40  per  cent.;  of  humic 
acid,  64  per  cent.,  and  of  ulmic  acid,  (37.1  per  cent.,  according  to 
Mulder.*    It  may  be  that  the  large  proportion  of  carbon  found  in 


*(\f.  Johnson,  How  Crops  Feed,  226-7. 
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humus  is  in  part  due  to  the  more  complete  destruction  of  the  readily 
fermentable  substances,  such  as  sugar,  starch,  etc.,  leaving  in  the 
residue  a  larger  proportion  of  those  modified  celluloses— lignin 
bodies,  hemi  celluloses,  cutose,  etc. — which  are  richer  in  carbon  than 
the  more  common  and  more  fermentable  carbohydrates.  Thus, 
Fremy,  treating  wood  with  alkaline  carbonates,  extracted  a  group 
of  substances  separable  from  the  extract  by  its  acidulation.  This 
precipitate  he  supposed  to  be  one  substance,  with  a  content  of  59.3 
per  cent,  of  carbon,  which  he  termed  vasculose.  It  is  more  readily 
obtained  from  straw  than  from  wood. 

SELECTIVE  FERMENTATIONS  DUE  TO  LIVING  ORGANISMS. 

Sucli  a  selective  destruction  occurs  in  the  plant  itself,  when  de- 
prived of  its  leaf  food  and  has  been  observed  in  the  curing  tobacco 
leaf*  and  in  the  decay  of  sweet  fruits.  In  all  these  cases,  either  the 
living  plant  itself  or  a  lower  organism  is  the  effective  agent  in  pro- 
ducing the  bio-chemical  changes  observed. 

The  presence  in  the  soil  of  numerous  lower  organisms,  moulds  or 
bacteria,  is  so  thoroughly  established  in  numerous  investigations  that 
it  is  sufificient  here  to  simply  affirm  the  fact.  '  • 

FERMENTATION  OF  STABLE  MANURE. 

The  studies  of  Reiset,t  Hebert,j  Guyon,§  Schloesing  fils||  and  De- 
h6rain"*  upon  the  changes  which  the  straw  forming  the  litter  of 
stable  manure  undergoes  during  the  fermentation  of  the  manure, 
are  highly  suggestive  in  this  connection.  In  brief,  they  found  that 
the  sugar  and  closely  related  substances  of  the  straw  are  destroyed 
by  a  ferment  acting  in  the  presence  of  air  to  form  carbonic  acid  and 
liberate  free  nitrogen,  while  the  cellulose  is  destroyed  by  another 
ferment,  stirred  to  activity  whenever  air  is  admitted,  but  continuing 
to  act  in  its  absence,  which  liberates  some  carbonic  acid  and  more 
marsh  gas.  There  is  left  the  "vasculose"  in  a  modified  condition, 
partially  dissolved  in  the  alkaline  liquids  of  the  fermented  manure. 
Upon  the  evaporation  of  this  solution,  a  shining  black  substance  is 
left  containing  about  40  per  cent,  of  ash,  36  per  cent,  of  vasculose  and 
24  per  cent,  of  nitrogenous  substances.  The  ash  contains,  strange  to 
consider,  phosphoric  acid,  lime  and  ferric  oxid;  in  the  absence  of  the 
organic  materials  these  phosphates  could  not  exist  together  in  a 
neutral  or  alkaline  liquid.    The  nitrogenous  material  too.  Mobile  its 

*Gf.  Rep.  Penna.  State  College,  1894.  p.  19».  seq. 
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propoitiou  can  be  diminslu'd  by  repeated  resolution  and  reprecipita- 
tion*  can  never  be  wholly  dissociated. 

FERMENTATIONS  OF  VARIOUS  SOILS  DIFFER. 

The  nature  of  the  changes  which  vegetable  matters  undergo  by  the 
activity  of  the  various  soil  ferments  has  not,  at  least  so  far  as  the 
non-nitrogenous  constituents  are  concerned,  been  so  closely  worked 
out  as  have  those  to  which  the  litter  of  stable  manure  is  subject. 
There  is  much  reason  to  believe  that  the  reaction  of  the  soil,  and 
possibly  other  conditions,  exercises  a  very  decisive  influence  over 
the  kind  and  rate  of  the  changes  occurring  within  its  pores.    It  may 
be  true  of  the  soil  humus,  as  Schloesing  fils  found  it  to  be  of  stable 
manure— which  differed  from  clean  litter  in  this  respect— that 
change  is  not  wholly  ju'evented  when  the  activity  of  the  ferment 
organisms  is  precluded,  so  that  it  may  be  regarded  as  due  in  part 
to  direct  chemical  action;  but  it  is  more  probable  that  the  principal 
agents  bv  which  fresh  vegetable  matter  is  converted  into  humus 
are  fermentative  or  biological.    The  latter  view  leads  to  the  expec- 
tation of  dissimilarities  in  decomposition  governed  not  only  by  cli- 
matic conditions  and  soil  composition,  but  possibly  also,  by  differences 
in  the  nature  of  the  ferments  present  in  different  soils. 

With  this  view  of  the  agencies  by  which  humus  is  formed,  it  is  in- 
teresting to  observe  that  the  humus  of  different  soils  shows  great 
variation  in  its  solubilities,  its  power  to  support  certain  types  of 
vegetation,  the  bacterial  life  present  in  it  and  the  proportions  of 
nitrogen  and  mineral  matters  closely  associated  with  it. 

GRANDEAU-S  MATIERE  NOIRE. 

Upon  treating  soils  with  an  alkaline  liquid,  after  a  previous  treat- 
ment with  an  acid  for  the  removal  of  readily  soluble  basic  materials, 
Grandeau  was  able  to  extract  a  portion  of  the  humus  which,  upon 
evaporation  of  the  solution,  shows  an  appearance  similar  to  the  black 
matter  extracted  from  stable  manure  by  alkaline  solutions;  and, 
like  the  latter,  this  black  matter  of  the  ^oil—matiere  noire,  as  chemists 
continue  to  call  it— contains  a^h  ingredients  that  do  not  show  their 
presence  under  ordinary  tests  until  the  organic  substance  is  de- 
stroyed by  ignition,  or  until  subjected  to  dialysis,  which  enables  them 
to  pass  through  a  membrane  that  holds  back  the  organic  substance. 
As  in  the  case  of  the  stable  manure,  not  only  silica  and  potash,  but 
the  ordinarily  incompatible  substances,  phosphoric  acid,  lime  and 
ferric  oxid  are  found  in  the  associated  mineral  matter;  while  nitro- 
gen, too,  is  as  closely  associated  as  in  the  similar  manure  extract. 

•  t'f.  Ann.  Agrcn.,  14,  116. 
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IT'S  RELATIONS  TO  FERTILITY. 

Grandeau  contends  that  tlie  matiere  noire,  which  is  particularly 
abundant  m  mild  kuuius,  such  as  that  of  old  garden  soils,  is  an  im- 
jiortant  solvent  of  the  mineral  matters  useful  as  plant  foods,  and  that 
the  immediate  fertility  of  a  soil  is  in  large  measure  determined  by  the 
amount  of  the  mineral  foods  that  are  present  in  chemical  combina- 
tion with  the  matiere  noire.  This  is  still  a  debatable  point,  but  there, 
are  many  interesting  facts  affording  some  foundation  for  Grandeau's 
theory.  He  himself  observed  that  the  associated  mineral  substances 
in  the  matiere  noire  are  more  abundant  in  fertile  than  in  sterile 
soil,  and  found  them  to  vary  from  2  to  CO  per  cent,  of  the  entire  ex- 
tract.* Hilgardf  found  that  in  the  extremely  fertile  "sugar-bowl 
dalta"  lands  of  the  Brazos  Eiver,  Texas,  and  in  the  bottom  lands  of  the 
Colorado  Eiver  of  the  West,  in  California,  the  entire  amount  of  phos- 
phoric acid  is  present  in  the  matiere  noire,  while  in  poor  lands  a  much 
smaller  fraction  of  the  entire  phosphoric  acid  contained  was  present 
in  such  combination.  Snyder,J  in  analysis  of  certain  soils  from  the 
famous  wheat  lands  of  the  Eed  Eiver  Valley,  found  that  the  wheat 
yield  upon  those  soils  seems  to  bear  a  closer  relation  to  the  amount  of 
phosphoric  acid  contained  in  the  matiere  noire  than  to  that  of  any 
other  constituent,  this  element  of  fertility  showing  a  rapid  decrease 
under  the  exhaustive  system  of  continuous  wheat  culture  still  largely 
practiced  in  that  locality. 

Deh(5rain§  goes  further,  and  asserts  that  while  wheat  may  do  with- 
out it,  a  certain  portion  of  the  matiere  noire  is  indispensable  to  the 
best  growth  of  clover  and  other  legumes. 

POPULAR  VIEWS  AS  TO  THE  INFLUENCE  OF  LIME  UPON  HUMUS. 

With  this  view  of  the  nalure  of  humus  we  may  turn  to  the  influence 
of  lime  upon  its  amount  and  condition.  It  is  generally  admitted 
from  practical  exj)erience  that  liming  often  promotes  the  rapid  de- 
composition of  green  manures,  sod  and  peat,  with  the  formation  of 
a  very  desirable  humus,  but  that  oft-repeated,  heavy  liming  tends,  on 
many  soils,  to  a  final  depletion  of  the  humus  supply  to  such  a  point 
as  to  seriously  affect  their  mechanical  condition  and  general  fer- 
tility. Thus,  even  the  surface  soil  of  moor  lands[|  is  brought  to  such  a 
low  humus  content  that  it  is  needful  to  turn  up  the  humus-rich  sub- 
soil in  order  to  continue  the  cropping  of  the  land. 

EXACT  INVESTIGATIONS  UPON  LOSS  OF  CARBON. 

The  exact  investigations  made  upon  loss  of  carbonaceous  matter 
from  humus  soils  show  quite  wide  variations.    The  subject  has 
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recently  been  quite  elaborately  discussed  by  E.  Wolluyr'  after  noting 
that  dilute  acids  retard  or  prevent  the  decay  of  hiinius,  that  very 
dolute  caustic  alkali  favors  it,  but  strong  solutions  retard  it,  and 
that  weak  solutions  of  alkaline  carbonates  promote  it  especially, 
if  the  decay  has  already  begun,  he  calls  attention  to  the  following 
results  of  investigation:  E.  ^Vomj  found  that  caustic  lime  added  to 
fresh  manure,  which  was  then  kept  under  cover,  greatly  diminished 
the  loss,  by  decay,  of  both  total  organic  matter  and  nitrogen.  J. 
Nessler,t  applying  lime  to  turf  and  variously  prepared  bone-meals, 
found  decay  at  first  retarded,  then  increased,  but  with  a  total  decrease 
from  liming  in  the  loss  observed  for  a  twelve-months'  period.  P. 
Petersen!  found  the  amount  of  carbonic  acid  given  off  from  acid 
leaf  mould  greatly  increased  upon  addition  of  calcium  carbonate, 
the  increase  being  far  too  great  to  be  explained  by  any  decomposi- 
tion of  the  added  carbonate.    Wollny,||  himself,  has  made  extensive 
investigations  upon  this  subject.    Addition  of  lime  to  artificial  soils, 
the  one  containing  as  its  humus  material,  rye  straw,  the  other  turf, 
found  the  evolution  of  carbonic  acid  diminished  as  the  lime  increased 
in  the  case  of  the  rye  straw,  but  increased  in  case  of  the  turf.  Other 
investigations  in  which  turf,  horse  dung  and  humus  from  a  sandy  soil 
were  used  with  different  soil  combinations,  agreed  in  showing  at 
first  a  decrease  after  liming  (which  is  possibly  due  to  absorption  of 
the  carbonic  acid  by  the  lime)  followed  by  an  increase,  and  later 
by  a  decrease;  that  is,  while  lime  favors  a  rapid  progress  in  the  early 
stages  of  the  fermentation,  it  has  a  later  conservative  influence. 

RELATIONS  OF  LIME  TO  MATIERE  NOIRE. 

A  number  of  investigators  are  of  the  opinion  that  lime  is  a  con- 
servator of  the  rnatiere  7ioire.  Deherain**  notes  that  lime  salts  pre- 
cipitate most,  but  not  all,  of  the  rnatiere  noire  of  stable  manure  from 
.  solution  and  notes  that  this  explains  the  observation  of  P.  Thenard 
that  w^iile  the  drainage  waters  of  recently  manured  sandy  soils  are 
sometimes  discolored,  those  from  calcareous  soils  are  not.  Mulderft 
had  earlier  observed  a  similar  precipitation  of  humate  of  ammonia 
(equivalent  in  part  to  Grandeau's  rnatiere  noire)  by  caustic  lime  and 
magnesia,  calcium  and  magnesium  chlorids  and  by  ferric,  ferrous  and 
manganic  sulfates.  Kostycheff,u  studying  the  causes  that  have  led 
to  the  production  of  the  wonderfully  fertile  black  soil  of  Russia,  com- 
monly termed    fschernosem,  believes  that  the  coloration  is  due  to 
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changes,  in  the  presence  of 'lime  compounds,  resulting  in  the  forma- 
tion of  substances  which,  like  the  group  of  substances  related  to 
tannin,  blacken  by  oxidation  on  exposure  to  the  air.  Hilgard*  notes 
that  lime  brings  about  a  more  rapid  transformation  of  vegetable 
matter  into  active  humm  {niatiero  noire),  manifest  in  the  deep  black 
tint  of  the  soil — a  tint  which  is  not  present  except  when  there  is 
abundance  of  alkaline*  or  alkaline  earthy  carbonate  also  present. 
He  further  affirms  that  lime  protects  the  laatiere  noire  from  the 
oxidizing  influences  of  a  hot  climate.  On  ordinary  uplands,  tending 
to  a  lime  deficiency,  he  finds  only  0.4  to  0.7  per  cent,  of  matiere  noire; 
in  the  more  prominently  calcareous  soils,  1  to  1.5  per  cent,  or  even 
more.  He  also  considers  that  the  lime  materially  influences  the  pro- 
portion of  the  phosphoric  acid  that  is  present  in  the  matiere  noire  ; 
while  there  are  exceptions  noted,  as  a  general  rule  soils  rich  in  lime 
contain  most,  and  occasionally  all,  of  their  phosphoric  acid  in  this 
combination,  while  soils  poor  in  lime  contain  onlj  one-fourth  to  on-i- 
tenth  of  their  phosphoric  acid  in  similar  condition. 

A.  Bernardt  observes  that  calcium  carbonate  unites  with  matiere 
noire  to  form  a  compound  not  soluble  in  ammonia  until  the  lime  be 
first  removed  by  acid  treatment. 

On  the  other  hand,  WollnyJ  found  a  greater  evolution  of  carbonic 
acid  from  a  pure  calcium  humate  than  from  acid  humus,  indicating 
that  some,  at  least,  of  the  materials  present  in  the  later  stag-es  of 
decomposition  are  not  preserved  from  further  decay  by  liming,  but 
rather  hastened  therein.  Kellner§  found  an  increased  loss  after 
liming  both  upland  and  paddy  soil  (the  latter  formed  under  conditions 
of  submergence  for  part  of  the  year),  but  much  greater  in  the  latter 
soil. 

LIMING  INCREASES  RETENTIVBNESS  OF  HUMUS. 

It  is  quite  generally  agreed  that  the  liming  of  humus  tends  to  in- 
crease its  power  to  fix  potash  and  ammonia  in  soils  where  lime  has  • 
previously  been  deficient. || 

In  our  experiments  a  careful  study  was  made  of  the  amount  of 
total  organic  matter  and  of  active  humus  (matiere  noire)  in  soils 
VI  (muck)  and  VII  (limestone  clay)  after  treatment  by  fallowing, 
and  by  application  of  lime  and  magnesia  respectively.  The  work 
upon  these  points  was  performed,  upon  portions  of  the  treated  soils 
used  for  the  analyses  previously  reported,  by  Mr.  M.  S.  McDowell,  As-  . 
sistaut  Chemist  of  the  Experiment  Station. 

Van  Bemmelen**  having  called  attention  to  the  fact  that  in  the 
ordinary  method  of  determining  moisture  by  drying  the  soil  at  the 
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temperature  of  boiling  water,  other  volatile  matters  and  water  of 
crystallization  and  of  combination  in  both  mineral  and  organic  mat- 
ters might  be  driven  otf,  an  additional  determination  was  made  of  the 
loss  of  water  by  the  soil  upon  suspension  in  a  cooled  bottle  (tempera- 
ture 3  degrees  to  15  degrees  C),  over  sulfuric  acid  until  the  weight 
of  the  sample  no  longer  decreased. 

In  addition,  determinations  of  the  total  loss  upon  ignition  and  of 
the  mat'iere  noire  extractible  by  the  Huston-Grandeau*  method  were 
made.    All  determinations  are  based  upon  duplicate  tests. 

The  results  were  as  follows: 

TABLE  XII— Organic  Matter  in  Air  Dry  Soils.    (Per  Cent.)  ■ 


Muck  VI. 

Limestone  Clay  VII. 

Determinations. 

Fallow. 

Lime. 

Magnesia. 

Fallow. 

Lime. 

Magnesia. 

1.  Moisture  lost  at  S^-IS^C, 

2.  Additional  loss  at  10O°C, . 

Total  moisture  (1+2),  . 

3.  Total  loss  by  ignition,  ... 


Org-anic  Matter. 

(S— Total  moisture)  

4.  'Mature  noire,  

Per  cent,  of  organic  matter 
present  as  "matiere  noire," 


2.13 
3.34 
(6.07) 
21.83 


(15.76) 
8.17 

(51. S4) 


1.75 
3.35 
(5.10) 
21.75 


(16.65)  , 
7.46  [ 

(44.20) I 


2.08 
3.68 
(5.76) 
22.22 


(16.46) 
7.68 

(46.17) 


.92  I 
(1.28) 
5.36 


(4.08) 
2.20 

(50  39) 


.23  1 
.97  ' 

(1 ,26) 
5.38 


(t4.12) 
1.44 

(*34.9d) 


.27 
.96 
(1.23) 
5.49 


(4.26) 
1.63 

(3S.26) 


•Corrected  for  carbonic  acid  lost  by  ignition,  36, 6S.    fSimilarly  corrected,  3.92. 

As  to  the  moisture,  these  results  seem  to  indicate  that  only  a  small 
part  of  the  loss  of  weight  from  the  air-dry  soil  when  it  is  heated  at  the 
boiling  point  of  water,  is  removable  at  the  ordinary  temperature  in 
the  manner  previously  described — the  losses  over  sulfuric  acid  being, 
from  the  muck,  one-third,  and  from  the  limestone  clay  only  one-fourth 
of  the  entire  loss.  If  it  be  true  that  the  excess  of  loss  at  100  degrees 
C.  over  that  at  ordinary  temperature  under  these  conditions,  is  due 
to  loss  of  water  of  combination,  these  soils  seem  to  have  undergone 
a  great  deal  of  dehydration  in  the  drying  process.  The  subject 
merits  an  investigation  with  more  complete  checks. 

It  is  not  surprising  to  find  the  air-dry  muck  holding  so  much  more 
water  than  No.  VII,  as  that  is  the  tendency  of  soils  highly  charged 
with  organic  materials. 

The  total  organic  matter  has  been  estimated  by  subtracting  from 
the  percentage  of  loss  occurring  upon  careful  ignition,  the  total  mois- 
ture lost  at  100  degrees  C.  Admittedly  this  tends  to  give  a  figure  too 
high.  Not  all  the  water  of  crystallization  of  minerals  is  given  off 
at  the  temperature  of  boiling  water,  but  the  residue  is  expelled  upon 
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ignition;  again,  complete  ignition  tends  to  dissociate  any  cai-bonates 
present  in  tlie  soil,  liberating  the  carbonic  acid.  But  the  amount  of 
cai-bonic  acid  in  the  original  material  of  these  soils  amounted  to  only 
0.04  per  cent,  [circa),  while  that  in  the  treated  soils  was  as  follows: 


No.  VI. 

No.  VII. 

Lime  treatment,   

0.039 
0.030 

0.202 
0.U68 

Magnesia  treatment  

So  that,  except  in  the  case  of  the  limed  soil,  VII,  the  correction 
for  this  loss  would  not  be  appreciable;  but  if  it  be  assumed  that  all 
the  carbonic  acid  was  expelled  in  the  ignition  of  the  limed  soil, 
No.  VII,  then  the  total  organic  matter  will  be  more  nearly  3.92  per 
cent.,  and  the  proportion  of  it  present  as  matiere  noire  would  be  36.G8 
per  cent.  There  are  no  data  by  which  a  correction  for  the  former  of 
the  two  sources  of  error  can  be  made. 

The  active  humus  in  the  original  soils  was  earlier  determined  by 
Mr.  W.  S.  Sweetser,  then  Assistant  Chemist  of  the  Experiment  Sta- 
tion; calculated  to  their  proportions  in  the  water-free  soil,  the  per- 
centages of  humus  in  the  original  and  the  fallow  soils  are: 


VI. 

VII. 

Original  

8.33 
8.59 

2.18 

2.23 

Fallow    

So  lliat  litllc  cliango  in  this  constituent  appears  to  have  resulted 
from  the  fallowing. 

As  for  the  preserving  action  of  the  two  applications,  it  appears  that 
in  the  muck  soil  there  was  less  loss  of  total  humus  in  the  soils  treated 
with  lime  and  magnesia,  but  that  there  was  a  distinctly  greater  dim- 
inution of  the  matiere  noire.  '  .  . 

In  the  limestone  clay  soils,  the  figures  for  total  organic  matter 
agree  too  closely  to  warrant  any  distinction,  but  here,  too,  the  amount 
of  matiere  noire  was  found  considerably  less  in  the  soils  receiving 
lime  and  magnesia.  In  both  soils,  the  decrease  of  matiere  noire  was 
less  with  magnesia  than  with  lime. 

Under  the  conditions  of  our  experiments,  therefore,  liming,  or 
the  application  of  magnesia  in  liberal  dressings  is  found  not  to  pre- 
serve but  to  destroy  the  active  humus  more  rapidly  than  that  which 
is  less  soluble. 


Effect  of  Lime  upon  the  Nitrogenous  Substances  of  the  Soil. 


RELATIVE  GAIN  OF  NITROGEN  IN  FORMATION  OP  HUMUS. 

Kostj^tscheff,*  in  his  studies  of  the  formation  of  the  black  soils  of 
Russia,  to  which  reference  has  already  been  made,  observed  that 
nitrogen  was  lost  during  the  decay  of  the  plants  from  which  the 
humus  is,  in  this  case,  derived,  much  less  rapidly  than  carbon,  so  that, 
while  it  amounted  to  only  1  to  2  per  cent,  of  the  plants,  the  humus 
contained  4  to  6  per  cent. 

Hilgard  and  Jaffaf  found  that  this  divergent  tendency  is  magnified 
in  arid  regions  as  shown  by  the  following  figures: 


Arid  soils  

Semi-arid  soils. 
Humid  soils,  .. 


In  extreme  cases  they  found  more  than  6  per  cent,  of  nitrogen,  the 
average  in  pure  albuminoids,  in  the  humus  of  arid  soils. 

Deh^rainf  states,  on  the  basis  of  analyses  by  Boussingult, 
Truchot  and  himself,  that  the  ratio  of  nitrogen  to  carbon  in  various 
soils  ranges,  in  arable  lands  (nitrogen  being  taken  as  the  unit  of 
comparison)  from  4.8  to  4.5.0,  and  in  prairie  or  grass  lands  from  6.8 
to  20.0,  the  percentage  of  nitrogen  in  the  soil  varying  in  the  arable 
lands  from  0.046  to  1.05,  and  in  the  grass  lands  from  0.180  to  0.940. 

CONDITION  OP  NITROGEN  IN  SOILS. 

Way,§  in  examining  certain  drainage  waters,  found  from  2.78  to 
21.05  parts  of  nitric  acid  in  100,000  parts  of  the  water,  and  only  from 

"Ann.  Agron.,   17,  17. 
t-^gricultural  .Science  (1894), 
jTraite,  392. 
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0.009  to  0.025  parts  of  ammouia.  The  nitric  acid  was  more  abundant 
than  any  single  base. 

It  must  not,  howeA'er,  be  inferred  from  this  that  the  soil  ordinarily 
contains  large  quantities  of  soluble  nitrogen  compounds.  On  the 
contrary,  the  major  portion  is  present  in  difficultly  soluble  form, 
despite  the  fact  that  in  the  leaves  and  stalks  from  which  the  humus 
is  formed,  much  of  it  is  present  in  soluble  amid  compounds,  such 
as  asiparagin.  Furthermore,  the  nitrogenous  matter  is  not  nearly 
as  liable  to  putrefactive  fermentation  as  are  the  albuminoids  of  plant 
and  animal  tissues. 

The  nitrogen  of  the  soil  has  been  found  chiefly  in  three  classes  of 
compounds:  in  ammonium  salts,  in  nitrates  and  in  organic  matter. 
But  very  little  of  it  is  commonly  present  in  the  first  two  classes  of 
compounds.  Boussingault,*  for  example,  found  in  the  garden  soil  of 
Liebfrauenberg,  the  following  proportions  of  nitrogen  in  the  various 
states  of  combination: 

Total  nitrogen,    0.261    per  cent. 

Ammonia,    0.0022  per  cent. 

Nitric  acid,   0.00034  per  cent. 

That  is,  only  4  per  cent,  of  the  total  nitrogen  was  present  in  the 
more  soluble  combinations.  This  soil,  the  investigator  found,  de- 
spite its  richness  in  nitrogen,  would  not,  when  prevented  from  receiv- 
ing the  nitrogen  compound  that  come  in  the  rain,  yield  much  more 
material  to  growing  crops  than  the  latter  were  able  to  obtain  from 
barren  soils.f 

It  appears  then  that  plants  must,  for  the  most  part,  take  their 
nitrogen  from  the  soil,  either  in  the  form  of  ammonia  or  of  nitric 
acid. 

The  beautiful  research  of  MuntzJ  has  shown  that,  in  the  entire 
absence  of  nitrates  and  of  the  conditions  to  which  their  formation 
is  due,  plants  can  take  up  the  nitrogen  they  need  directly  from  am- 
monium compounds. 

But  the  great  fertilizer  value  of  the  nitrates  has  been  known  since 
the  sixteenth  century,  and  they  have  been  shown  by  the  interesting  re- 
searches of  Berthelot  and  Andr(?§  to  be  present  in  all  plants  at  some 
stage  in  their  lives. 

CAUSES  OF  FORMATION  OF  AMMONIA  AND  NITRIC  ACID  IN  SOILS. 

There  was  formerly  much  difficulty  in  accounting  satisfactorily 
by  rational  chemical  theories  for  the  varying  transformations  of  the 
inert  nitrogenous  substances  into  the  ammonium  compounds  and 

*Agroriomie,  I. 
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nitrates.  It  is  now  known  that  tlie  formation  of  both  classes  of 
compounds  is  chiefly  due  to  the  action  of  living  organisms  (bacteria) 
upon  the  inert  nitrogenous  substance  of  the  soil. 

Our  present  knowledge  upon  these  changes  is  due  chiefly  to  the 
investigations  of  Berthelot  and  Andr(^,*  Schloesing  and  Muntz,t 
Winogradskyt  and  Warington.§  There  seem  to  be  three  classes 
of  organisms  concerned  in  the  transformations : 

1.  An  ammonical  ferment  changing  organic  nitrogen  to  ammonia. 

2.  A  nitrous  ferment,  converting  the  ammonia  to  nitrates. 

3.  And  possibly  a  nitric  ferment  accomplishing  the  oxidation  of 
nitrites  to  nitrates. 

Under  proper  conditions  for  nitrification,  as  the-  conversion  to 
nitrates  is  termed,  the  ammonia  is  oxidized  even  more  rapidly  than 
it  is  formed  from  organic  matter.  The  conditions  for  favorable  ac- 
tion are:  1.  Free  circulation  of  air  in  the  soil.  Illustrative  of  this 
condition  is  the  recent  observation  of  Kellner  and  others||  that  the 
liming  of  a  dry  soil  to  which  ground  fish  had  been  added  induced  a 
rapid  nitrification,  while  in  the  submerged  soil  of  the  "paddy"  field, 
the  fermentation  stopped  with  the  formation  of  ammonia.  2.  A  suit- 
able degree  of  moisture.  3.  The  presence  of  the  active  ferment.  4. 
The  presence  of  a  base  with  which  nitric  acid  may  combine  as  it 
forms,  since  the  fermentation  ceases  with  the  appearance  of  acidity. 
5.  A  temperature  ranging  between  40  degrees  and  113  degrees  Fahr. 

It  has  been  observed  that  in  undrained  marsh  lands  and  especially 
in  forest  soils  that  nitrates  do  not  form.  Frank  notes  the  great  de- 
velopment of  moulds  in  the  forest  soil  and  that  the  trees  are  devoid 
of  fine  absorbent  root-hairs,  but  have  the  growing  portions  of  their 
root  systems  throughly  penetrated  by  the  thin  hair-like  hyphae  of 
these-moulds;  he  suggests,  therefore,  the  probability  that  the  moulds 
attack  the  inert  organic  matter  and  act  as  purveyors  thereof  to  the 
trees.** 

NATURE  OF  INERT  NITROGENOUS  COMPOUNDS. 

There  is  much  uncertainty  as  to  the  real  state  of  combination  of  the 
inert  nitrogen  in  the  humus.  Johnson,tt  on  the  basis  of  the  behavior 
of  this  nitrogen  with  alkaline  earths,  such  as  lime;  of  the  fact  that 
albuminoids,  such  as  are  present  in  the  plant,  commonly  yield  amid;-^ 
upon  deconaposition.  and  that  the  reversion  of  ammonia  to  inert 
forms,  which  sometimes  takes  place  in  the  soil,  is  most  readily  ex- 
plained by  this  hypothesis,  suggests  the  probability  that  the  com- 
bination is  of  an  amid  nature. 

*Ann.  chim.  phys.   [6],   11,  375. 
tC/.  Deherain,   Trait§,  403. 
4:A.nn.  de  I'lnstitut  Pasteur,  4,  213. 
§C.f..  Deherain,    Op.  cit.,  108. 
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INFLUENCE  OF  LIME  ON  SOIL  AMMONIA. 

Concerning  tlie  effect  of  lime  upon  the  nitrogenous  constituents 
of  the  It  is  common  laboratory  experience  that  on  the  addition 

of  caustic  lime  or  carbonate  of  lime  to  solutions  of  ammonium  salts, 
at  ordinary  temperatures,  ammonia  is  liberated. 

A.  Bernard*  finds,  that  upon  application  of  ammonium  sulfate  to 
soils  containing  no  more  than  1  per  cent,  of  lime,  a  liberation  of  am- 
monia occurs  in  from  five  to  ten  minutes. 

It  is  probable  that  ammoniacal  fermentation  of  the  soil  is  pro- 
moted by  the  presence  of  calcium  carbonate;  but  an  excess  of  the 
caustic  lime  would  tend  to  be  injurious  to  the  ferments.  Ladureaut 
observed  that  the  addition  of  lime  to  a  2  per  cent,  solution  of  urea 
retarded  the  action  of  the  ammonicial  ferment  in  proportion  to  the 
amount  of  lime  introduced. 

LIME  AFFECTS  NITRIFICATION. 

As  to  the  influence  of  lime  compounds  on  nitrification:  TouvenalJ 
long  since  observed  that  the  formation  of  nitre  in  nitre-beds  is  most 
favorably  affected  by  the  use  of  chalk  and  pure  carbonate  of  lime. 
But  quick-lime  he  found  to  be  much  less  useful.  Boussingault§ 
found  that  caustic  lime  caused  a  loss  of  ammonia  from  garden  soil 
and  a  hindrance  of  nitrification.  Indeed,  an  excess  of  it  in  the  pres- 
ence of  moist  earth  may  induce  putrefaction  and  a  consequent  de- 
struction of  nitrates.  Warington||  found  that  lime  water  was  twice 
as  strongly  alkaline  as  is  desirable  for  the  best  development  of  the 
nitric  ferment.  Very  heavy  limings  have  been  observed  to  materially 
reduce  the  richness  of  vegetation  of  a  soil  for  the  first  year,  but  to 
conduce  to  a  rankness  of  growth  thereafter,  indicating  that  the  lime 
had  meanwhile  been  converted  from  the  caustic  into  the  carbonated 
form.  Bernard,  therefore,  suggests  that  it  is  dangerous  to  apply 
caustic  lime  to  an  already  calcareous  soil,  and  Wollny**  cites  ex- 
periences of  Pichard,tt  WaringtontJ  and  Dumout  and  Crochetelle§§ 
to  the  eft'ect  that  where  there  is  already  a  tendency  to  alkalinity,  ap- 
plications of  sulfate  of  lime  or  of  potash  wotild  be  more  helpful  than 
even  the  corresponding  carbonates. 

On  the  other  hand,  Bernard|]  ||  notes  that  on  non-calcereous  soils', 
organic  materials,  even  those  so  readily  nitrifiable  as  dried  blood, 
often  fail  to  show  markedly  beneficial  results  and  require,  in  the 
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absence  of  liming,  direct  applications  of  nitrates  or  ammonium  salts 
to  supply  the  requisite  nitrogen.  Muntz  and  Girard*  obserN'es  that 
the  distinctly  acid  soils  of  Brittany  and  also  the  non-calcareous 
soils  of  Limousin  set  up  little  nitrification  in  added  fertilizers  unless 
the  latter  can  supply  the  requisite  alkali. 

Kellner  has  observed  that  magnesia  affects  nitrification  favorably, 
but  Winogradsky  was  led  to  prefer  lime  compounds  instead  of  the 
magnesium  salts  he  earlier  used  in  his  culture  fluids  for  the  nitri- 
fying bacteria. 


The  observations  upon  the  changes  which  the  nitrogen  in  the  sev- 
eral soils  experimented  upon,  underwent  as  the  result  of  the  several 
treatments,  were  confined  to  Nos.  VI  and  VII. 

In  addition  to  the  determinations  of  moisture,  organic  matter  and 
active  humus  already  discussed,  there  were  determined: 

1.  Total  nitrogen  by  the  official  Scovell-Kjeldahl  method,  working 
upon  2  g.  of  No.  VI  and  20  g.  of  No.  VII. 

2.  Nitric  and  ammoniacal  nitrogen  combined,  using  the  oflicial 
Ulsch-Street  method,  working  upon  20  g.  of  the  soil. 

3.  Ammoniacal  nitrogen:  20  griimmes  of  the  soil  were  distilled 
under  reduced  pressure  with  caustic  magnesia;  enough  of  the  reagent 
was  used  to  make  the  liquid  distinctly  alkaline,  5  g.  being  the  usual 
amount.  It  is  well  known  that  the  accuracy  of  the  method  is  im- 
paired by  the  tendency  of  amids,  if  present,  to  liberate  their  nitrogen 
in  the  form  of  ammonia,  when  brought  into  contact  with  alkaline 
earths,  lime  being  more  powerful  than  magnesia.  It  has  been  sug- 
gested that  under  reduced  pressure,  the  latter  reagent  will  not  effect 
so  extensive  decomposition. 

Under  my  direction,  Mr.  W.  S.  Sweetser  distilled  various  amid 
substances  at  ordinary  pressures  and  at  a  pressure  so  reduced  that 
the  boiling  point  of  the  liquid  ranged  from  only  32  degrees  to  38 
degrees  0.  The  amounts  of  ammonia  found  in  the  distillate  are  ex 
pressed  in  terms  of  their  equivalent  of  decinormal  ammonia  solution 
(3.5  g.  ammonium  hydrate  to  the  litre).  O.  P.=Ordinary  pressure; 
V.=In  vacuo: 

TABLE  XIII — Liberation  of  Amnionic  from  Organic  Substances  upon  Distillation. 


NITROGEN  DETERMINATION  IN  SOILS. 


Cubic  centi- 
meters of  N- 
10  ammonia 
equivalent. 


250  distilled  water  with  5  g.  caustic  magnesia,  

.10  g.  urea,  in  distilled  water  (O.  P.),  

.10  g.  urea,  in  di&tilled  water  (V.)  

.  10  g.  urea,  in  distilled  water  with  5  g.  caustic  magnesia  (O. 



0.1 
l.S 

1.7 


2.0 
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Cubic  centi- 
meters of  N- 
10  ammonia 
equivalent. 

.10  g.  urea,  in  distilled  water  with  5  g.  caustic  magnesia  (V.),  0.4 
.10  g.  uric,  acid,  iu  distilled  water  with  caustic  magnesia  (V.),  0.6 
.20  g.  asparagin,  in  distilled  water  (V.),   0.5 


Some  loss  occurs  even  on  boiling  in  pure  water  at  reduced  press- 
ures; caustic  magnesia  did  not  appreciably  increase  this  loss. 

4.  Humus  nitrogen  was  separately  determined  in  an  aliquot  por- 
tion of  an  extract  prepared  by  the  Huston-Grandeau  method,  except 
that  3  per  cent,  caustic  soda  instead  of  4  per  cent,  ammonia  water 
was  used  as  the  solvent  ;  the  Kjeldahl  method  of  nitrogen  determina- 
tion was  used. 

5.  There  are  present  in  the  soil  several  types  of  amid  bodies.  Some 
of  these,  being  acid  amids,  give  up  their  ammonia  when  heated 
with  a  strong  acid.  To  estimate  the  nitrogen  in  this  state  of  com- 
bination, 100  g.  of  the  soil  was  suspended  in  500  c.  c.  of  water,  con- 
taining 15  g.  of  strong  hydrochloric  acid,  and  kept  upon  a  water-bath 
for  forty-eight  hours.  The  total  nitrogen  in  an  aliquot  of  the  care- 
fully filtered  liquid  was  determined  and  the  amid  nitrogen  estimated 
by  subtracting  from  the  amount  of  nitrogen  thus  found,  the  sum  of 
the  nitric  and  ammoniacal  nitrogen.  It  is  not  sure  that  all  the  acid- 
amid  nitrogen  it  recoverable  under  these  conditions,  but  is  believed 
that  most  of  it  should  be. 

Attempts  were  also  made  to  separate  the  nitrogen  present  in  form 
of  amido  acids,  if  any,  by  treatment  with  nitrous  acid;  but  thus  far 
we  have  not  succeeded  in  preparing  a  satisfactory  working  method 
for  such  materials.  The  determinations  in  the  original  soil  were 
made  by  Mr.  W.  S.  Sweetser;  in  the  treated  soils  by  Mr.  M.  S.  Mc- 
Dowell. The  results  obtained  are  given  in  terms  of  the  water-free 
soil. 
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22.92 
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42.62 
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.3706 
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It  is  to  be  remembered  that  liere,  as  in  preceding  cases,  the  results 
reported  are  averages  of  several  closely  agreeing  determinations, 
and  that  the  sub-sample  representing  the  ''original"  soil  probably 
differs  more  from  those  representing  the  results  of  the  several  treat- 
ments than  do  the  latter  from  each  other. 

A  direct  comparison  of  the  or IgivalixnA  fallow  soils  is  not  possible, 
but  some  conclusions  of  value  may  be  had  from  a  comparison  of  the 
proportions  in  m^Mc\\  the  nitrogen  is  represented  in  the  several  classes 
of  compounds  in  the  two  sets  of  samples. 

In  both  the  muck  and  limestone  clay  there  is  a  smaller  proportion 
to  the  total  nitrogen  present  in  ammoniacal  combination.  In  the 
muck,  there  is  a  little  more  present  in  nitric  compounds,  but  in  the 
clay  considerably  less. 

There  is  more  nitrogen  present  in  amid  combination,  whether  by 
reason  of  a  primary  formation  of  ammonia  and  its  subsequent  fixation 
in  that  form,  or  by  direct  transformation  of  other  nitrogenous  organic 
compounds,  it  is,  of  course,  not  possible  to  judge. 

More  of  the  nitrogen  than  is  represented  in  the  amid  compounds 
is  found  in  the  active  humus.  The  proportion  of  the  total  nitrogen 
present  in  the  active  humus  is  less  in  the  fallow  soil  than  in  the 
original  untreated  sample.  Evidently  the  fermentative  changes  oc- 
curring during  the  fallowing  have  resulted  in  making  the  nitro- 
genous substances  of  the  organic  matter  relatively  less  soluble  in 
alkaline  liquids.  This  retrogression  is  particularly  observed  in  the 
cultivated  limestone-clay  soil. 

Comparing  m.ore  closely  the  figures  for  the  fallow  and  soils  re- 
ceiving lime  and  magnesia  respectively,  these  facts  appear: 

The  total  nitrogen  in  the  soil  is  slightly  diminished  in  the  limed 
soils  and  those  receiving  magnesia;  this  may  possibly  be  due  to  a 
loss  from  the  ammoniacal  compounds,  which  are  less  in  their  residual 
amount  in  both  lots  of  soil  representing  the  effects  of  these  treat- 
ments than  they  are  in  the  fallow  samples. 

The  nitrates  are  more  abundant,  very  considerably  so,  where  the 
alkaline  earths  were  applied.  In  the  muck,  the  magnesian  treat- 
ment showed  less  nitrates;  in  the  limestone-clay,  more  nitrates  than 
the  lime  treatment. 

In  both  cases  there  was  also  a  marked  decrease  in  the  nitrogen 
present  in  amid  condition,  far  greater  than  the  increase  of  nitrates 
can  counter-balance;  in  other  words,  whether  by  reason  of  appro 
priation  in  the  organism  of  the  ferment  present  or  by  simple  chemical 
change,  the  nitrogen  appears  to  have  reverted  in  part  to  an  even  less 
readily  decomposable  form  than  the  amid  compounds.  This  was 
particularly  true  of  the  muck  soil. 

■   In  bolli  cases,  also,  the  "mati^re  noire"  contains  more  nitrogen 
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than  is  accounted  for  by  the  amid  compounds  simply.  The  data  afford 
no  information  by  which  we  may  judge  whether  the  amids  are  entirely 
extracted  in  the  "matiere  noire"  or  not.  If  they  are,  the  residual  ni 
troneous  organic  substances  may  be  further  sub-divided  into  two 
groups:  That  portion  soluble  as  "matiere  noire,"  and  that  part  in- 
soluble in  the  alkaline  solvent. 

It  is  observable,  further,  that  the  "matiere  noire"  from  the  limed 
soils  is  slightly  richer  in  nitrogen  than  that  from  the  magnesian 
treatment. 

In  general,  the  effect  of  both  alkaline  earths  was  to  diminish  the 
active  humus,  and  the  nitrogen,  particularly  that  present  as  am- 
monia, and  to  increase  the  nitrates.  While  lime  acted  somewhat 
more  vigorously  than  magnesia  in  the  two  particulars  first  named, 
there  is  no  certain  indication  as  to  which  was  the  more  potent  in 
favorably  influencing  the  process  of  nitrification. 


EFFECT  OF  LIMING  UPON  THE  CHARACTER  OF  THE  VEGE- 
TATION GROWING  UPON  THE  TREATED  SOIL. 


It  has  been  a  matter  of  almost  universal  remark  in  localities  where 
liming  is  practised,  that  its  use  is  followed  by  a  very  marked  change 
in  the  character  of  the  vegetation,  particularly  in  the  quality  and 
kind  of  cultivated  crops  and  forage  plants  that  the  soil  produces. 

CLOVERS,  GRASSES  AND  SORRELS. 

The  reports  of  correspondents  from  various  portions  of  this  State 
remark  upon  the  greatly  improved  growth  of  forage  plants,  including 
the  valuable  grasses,  but  especially  white  and  red  clovers,  after 
the  application  of  lime;  also,  upon  the  disappearance  of  horse  sorrel 
(red  top,"  as  it  is  called  in  some  localities  of  the  State)  and  of  wild 
blackberries  and  dewberries. 

Heinrich*  notes  the  marked  differentiation  of  the  plants  upon  the 
same  soil,  on  tracts  that  have  been  limed  as  compared  with  tracts  not 
limed.  He  says:  "In  trials  made  upon  a  soil  deficient  in  lime,  one 
portion  of  which  was  limed,  while  another  received  a  dressing  of 
nitrate  of  soda,  both  receiving  equal  quantities  of  mixed  clover  and 
grass  seed,  the  appearance  was  as  though  one  part  (that  which  was 
limed)  had  been  seeded  only  with  clover,  the  other  only  with  grasses. 


•Mergel  u.  Mergeln,  8. 
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Closer  examination  showed  that  both  kinds  of  plants  were  present 
in  each  case,  but  that  the  plant  most  affected  by  the  particular  fer- 
tilizing material  used,  in  each  case,  crowded  out  the  other  plants.  To 
secure  a  mixed  forage  it  is,  therefore,  not  enough  to  seed  with  a 
proper  seed  mixture,  it  is  needful  to  see  that  the  chemical  composition 
of  the  soil  is  such  as  is  adapted  to  the  several  plants." 

Flagg,  Wheeler  and  Tucker*  separated  the  several  portions  of  the 
hay  cut  from  plats  that  had  received  different  treatments,  and  that 
were  laid  out  upon  the  upland,  granitic  sandy  soil  of  the  Rhode  Island 
Station  upon  which  sorrel  grows  luxuriantly;  they  obtained  the  fol- 
lowing portions  by  weight  from  areas  two  feet  square: 


Treatment. 


No  nitrogen— limed  

No  nitrogen— unlimed  

Dried  blood — limed  

Dried  blood— unlimed  

Nitrate  of  soda — unlimed  

Sulfate  of  ammonia — unlimed, 


L,bs. 

3.26 
0.00 
3.00 

Trace. 

Trace. 
0.00 


Lbs. 


O.OG 
1.35 
1.00 
0.95 
0.70 
3.50 


Lbs.  1 
0.00  I 

Trace. 
0.09 
0.00  1 

Trace. 
0.00 


Lbs. 
Trace. 
0.05 

o.oo 

0.03 
0.00 
Trace. 


The  almost  entire  absence  of  timothy  in  all  cases  is  rather  surpris- 
ing, but  the  good  effect  of  liming  upon  the  clover  yield  is  well  shown. 
The  authors  says:  "It  appears  probable  that  the  chief  value  of  lime 
in  eradicating  sorrel  is  attributable  to  the  fact  that  it  brings  about 
physical  and  chemical  soil  conditions,  one  or  the  other  or  both  of 
which,  are  so  highly  favorable  to  the  growth  of  clover  and  many  other 
agricultural  plants  that  they  are  able  to  occupy  the  land,  thereby 
preventing  sorrel  from  gaining  a  foothold." 

The  writer  has  frequently  observed  a  very  striking  growth  of  sorrel 
upon  patches  of  land,  the  clover  and  timothy  upon  which  have  failed 
to  make  a  catch,  though  in  other  seasons  the  same  land  shows  very 
little  sorrel,  the  season  having  favored  a  good  stand  of  the  grass  seed. 

Careful  surveys  of  the  several  plats  used  in  the  rotation  fertilizer 
experiments  of  the  Pennsylvania  Experiment  Station  have  repeatedly 
shown  the  same  phenomenon,  and  have  further  shown  the  pre- 
dominance of  clover  over  timothy  on  the  plats  receiving  lime,  ground 
limestone  or  land  plaster  as  compared  with  those  dressed  with  acidu- 


•Rep.  R.  I.  AST.  Exp.  Sta.,  1895,  193-199. 
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lated  phosphates  and  nitrogen,  the  timothy  predominating,  however, 
on  the  latter. 

Voelcker*  says:  "Every  (British)  farmer  knows  how  essential  lime 
is  for  the  healthy  growth  of  very  kind  of  produce.  On  soils  destitute 
of  lime,  most  crops,  and  especially  green  crops,  are  subject  to  disease, 
and  "root  crops"  are  apt  to  fail  altogether  on  such  land,  even  if  it 
has  been  liberally  manured  with  dung  or  guano.  Up  to  a  certain 
stage,  grain  and  roots  grown  under  such  conditions  appear  to  thrive 
well,  but  as  the  season  advances  they  sustain  a  check,  and  at  harvest 
time  yield  a  miserable  return.  The  cure  for  such  failures,  which  are 
not  uncommon  where  poor  sandy  soils  prevail,  is  a  good  dose  of  lime 
or  marl,  and  then,  and  only  then,  dung  or  guano  may  be  applied  to  the 
greatest  advantage.  The  most  liberal  application  of  farm-yard 
manure  of  the  best  quality  never  produces  so  beneficial  and  lasting 
an  effect  on  poor  sandy  soils  as  when  they  have  been  previously  well 
marled  or  limed." 

P.  Pichard,t  in  reference  to  the  sandy  soils  of  Brittany  which  are 
rich  in  humus  but  poor  in  lime  and  potash,  says:  "The  application 
of  lime  raised  the  yield  of  fodder  beets  from  0,315  kilograms  to  21,627 
and  38,700  kilograms  per  hectare,  or,  in  other  words,  the  yield  was 
quadrupled  and  sextupled.    An  addition  of  plaster  still  further  in 

creased  the  yield." 

Deheraint  says:  "There  are  certain  of  the  principal  field  crops, 
notably  the  legumes,  which  are  so  highly  benefitted  by  the  presence 
of  lime  that  liming  alone  on  grass  lands,  where  calcareous  matter 
is  deficient,  is  all  that  is  needful  to  secure  a  spontaneous  growth  of 
clover,  the  seeds  brought  there  by  the  wind  prospering  as  soon  as  the 
soil  is  made  favorable  to  it." 

"Limousin  had  been  for  ages  a  miserable  land,  and  it  was  not  trans 
formed  nor  brought  to  the  state  of  relative  prosperity  which  it  now 
enjoys  until  the  time  when  the  construction  of  a  railroad  allowed 
the  introduction,  at  low  cost,  of  lime  from  the  Departement  du  Cher; 
the  culture  of  clover,  unknown  until  now  in  this  granitic  country, 
has  become  possible,  more  numerous  and  better  fed  domestic  ani- 
mals now  supply  enough  manure  to  convert  the  thin  pastures  into 
productive  grass  lands;  the  food  for  an  excellent  race  of  Limousin 
beef  being  assured,  its  breeding  has  made  rapid  progress  and  the 
sale  of  the  young  animals  has  become  a  source  of  large  profit  to  both 
land  owners  and  tenants." 

"In  moist  grass  lands  the  use  of  lime  has  a  remarkable  effect;  1 
have  more  than  doubled  the  yield  from  the  grass  lands  of  I'Avre, 
belonging  to  the  city  of  Paris,  by  treating  them  with  lime  or  plaster, 
in  addition  to  a  small  quantity  of  nitrate  of  soda." 


'Quoted  by  Storer,  II,  147. 
tC.  R.,  119,  473. 
JTraite,  531. 
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Heinrich*  says:  "Potatoes  and  rye  grow  well  even  when  the  soil 
is  too  poor  in  lime  for  other  crops.  Large  yields  may  still  be  obtained 
from  soils,  particularly  when  they  are  well  cultivated,  even  though 
their  lime  content  has  fallen  to  0.05  per  cent." 

"Oats  and  barley  have  a  somewhat  higher  lime  requirement  than 
rye  and  potatoes." 

"Peas  and  vetches  grow  quite  well  upon  a  soil  having  0.10  per 
cent.,  but  fail  entirely  upon  poorer  soil." 

"Red  clover  yields  well  with  0.1  to  0.12  per  cent.;  with  less  than 
0.1  per  cent.,  it  fails  completely,  and  yields  best  when  the  soil  con- 
tains at  least  0.2  per  cent,  of  lime." 

"Of  all  crops,  alfalfa  responds  best  to  lime." 

On  the  other  hand,  he  says:t  "Lime  as  calcium  carbonate  injuri- 
ously affects  the  growth  of  lupins  when  it  is  present  to  the  amount 
of  0.46  per  cent."  "  • 

Wheeler  and  Tuckert  have  conducted,  for  several  years,  compara- 
tive tests  of  the  growth  of  a  great  variety  of  plants  upon  soils  receiv- 
ing each  year  a  basal  mixture  of  dissolved  bone-black,  muriate  of 
potash  and  nitrate  of  soda,  and,  in  1895  and  1896,  200  lbs.  per  acre 
of  sulfate  of  magnesia;  part  receiving  no  lime,  the  rest  5,400  lbs. 
per  acre  in  1893,  1,000  lbs.  per  acre  in  1894,  none  in  1895.  The  rela- 
tive yields  from  the  limed  soil  for  the  several  years  are  given  below, 
the  corresponding  yield  on  the  unlimed  soil  being  taken  as  1: 


Yields  of  "Various  Plants  after  Liming. 


1893. 

1894. 

1895. 

1896 

Grasses. 

1.55 
1.20 
1.30 
1.09 
1.16 
1.17 
0.99 
0.00 
1.01 
0.89 
1.24 

1.21 
1.21 

Kentupkv  Blue  Grass  

1.16 

0.  94 
1.18 

1.  Bl 

1.17 

Sol't  Grass  

1.22 

LeiTuminous  Forage  Crops. 

3.68 
1.49 

1.06 

0.88 
0.23 
0.94 

0.82 
0.47 
0.80 
1.35 

0.61 

0.77 

1.59 

1.70 

0.69 
0.82 

Millets. 

1.31 
1.04 
0.91 
0.87 

0.87 

0.90 

•Mergel  u.  Mergeln,  7. 
iOp.  Ht.,  63. 

JR.  1.  Agrl.  Exp.  Sta.,  Bulletin  46,  pp.  97-100. 
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Yields  of  Various  Plants  after  Liming— Continued. 


 ^  ==  

I 

1893. 

\ 

1894. 

1896. 

1896 

Grains.  1 

1.80 

2.06 
1.53 

3.58 

2.56 

Buckwheat,   

1.C5 
1.17  . 

Corn,  Dent  

0.71  '. 

1.03 

Corn,  Sweet,   

1.56  . 
2.07 

1.11 
0.61 
1.09 

1.89 

1,0& 
1.07 

Corn,  Field  

1.26 

1.13 

1.03 
1.40 

1 

0.88  ! 
1.58 

0.75 

1  G1 

1.38 

Vegetables. 

0.94 

Beet,  Golden  Tankard  

12.17 
10.75 
7.78 
7.59 

11.00 

5.35 
5.77 

1.84 

8.21 

4.95 

6.73 

Cabbage,  Early  

2.37 
1.28 
1.78 

4.60 
1.24 

1.70 

Carrot,  Victoria  

1.76 

0.87 

0.74 
1.18 


 k'.io 

9.42 
3.02 
1.08 
3.75 

11.38 
3.15 
1.59 

10.00 
2.84 
4.70 
9.00 

1.96 

e.67 

Cauliflower,   

27.60 

1.51 
77.93 

1.74 

1.60 
2.45 

2.S3 

1.63 
1.03 

8.12 
7.88 
31.00 
6.99 

1.65 
2.53 
2.74 
1.05 
1.67 

0.55 
1.37 

5.36 

1   

0.87 
9.50 

24.75 
1.4Q 

61.00 
1.42 

20.50 

1.58 

1.46 
1.29 

1.15 

1.34 

0.64 

0.55 

Miscellaneous  Plants. 

i 

1  2.41 
3.40 

1.97 

0.87 

10.59 
1.09 

1 

2.99 
0.3( 
1.42 
4.52 

0.82 

Almost  without  exception  the  grasses  have  shown  benefit  from 
liming;  among  the  millets,  in  only  two  cases  out  of  seven;  among  the 
grains,  barley,  buckwheat  and  wheat  have  shown  much  more  benefit 
than  corn  (with  a  curious  exception  in  the  case  of  sweet  corn),  oats 
or  rye;  among  the  leguminous  forage  crops  there  is  a  very  strange 
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contrast,  already  noted  by  Heinrich  and  others:  while  the  clovers 
and  alfalfa  exhibit  a  very  marked  advantage  from  liming,  the  soja 
bean  shows  none  and  the  blue  Inpine-  serradella,  cow  pea  and  white 
podded  adzuki  bean  show  most  marked  injury.  Among  the  vege- 
tables there  was  a  very  general  improvement,  except  in  the  case  of 
the  watermelon  and  of  some  specimens  of  pumpkin,  carrot  and 
radish;  beets,  celery,  gumbo,  lettuce,  onions  and  spinach  were  most 
advantageously  affected.  Among  miscellaneous  plants,  sorghum 
and  tobacco  were  most  favorably,  horse  sorrel  and  the  gladiolus  un- 
favorably affected. 

Salfeld*  and  Wheelerf  incline  to  the  opinion  that  the  injury  to  th^ 
lupine  and  other  legumes  is  not  direct,  but  rather  upon  the  minute 
organisms  forming  the  nodules  on  the  roots  of  such  plants. 


INB^LUENCE  UrON  INSECTS  AND  INJURIOUS  FUNGI. 


Concerning  its  influence  on  hurtful  insects  and  fungi,  Storer:j; 
says:  "Slaked  lime  is  regarded  as  a  cure  for  some  hurtful  fungi.  The 
liming  of  seed  grain  to  destroy  the  fungus  which  causes  'rust,'  or 
'smut,'  has  long  been  usual.  The  use  of  lime  upon  turnips,  as  check 
to  the  finger-and-toe  disease  has  been  mentioned;  and  I  can  myself 
bear  witness  that  I  have  grown  exceptionally  fair  and  smooth  ruta- 
bagas during  three  consecutive  years  upon  limed  land  at  the  Bussey 
Institution,  though  no  farmer  in  the  vicinity  would  venture  to  try  to 
grow  turnips  year  after  year  on  any  one  field,  because  of  their  lia- 
bility to  the  disease  called  'club  foot.'  *  *  It  is  not  improbable 
*  *  *  that  some  part  of  the  good  done  by  the  lime  may  be  due 
to  the  destruction  of  insects  and  their  larvae,  as  well  as  earth-worms 
and  worms  of  other  kinds,  and  fungi  of  various  soi'ts.  Indeed,  lime- 
water,  lime  and  mixtures  of  lime  and  salt  (or,  better  yet,  of  lime  and 
muriate  of  potash)  are  often  purposely  used  by  gardeners  for  destroy- 
ing slugs  and  worms;  and  there  are  good  reasons  for  believing  that 
lime  might  often  be  applied  to  the  soil  with  advantage  in  farming 
practice  also  on  this  account." 

The  voluminous  literature  of  the  American  Experiment  Stations 
state  many  observations  in  confirmation  of  Storer's  opinion,  though 
lime  cannot  be  regarded  as  an  universally  applicable  remedy.  The 


*Die  Boden  Impfung,  pp.  79-83. 
tBull.  46,  R.  I.  Exp.  Sta.,  92. 
top.  clt.,  II,  147-8. 
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lime  absolutely  favors  the  potato  scab  fungus,  and  potatoes  grown 
on  limed  soil  from  scabby  seed  are  usually  very  greatly  roughened 
by  the  exceptionable  growth  of  the  scab  under  such  conditions. 

Does  the  lime  act  in  the  soil  in  the  caustic  or  in  the  carbonated 
form? 


LIME  SUPPOSED  TO  ACT  CHIEFLY  AS  CAEBONATE. 


There  is  considerable  doubt  upon  the  above  question.  Eecognizing 
the  general  tendency  of  lime  to  take  up  carbonic  acid  promptly  by 
the  process  of  air-slaking  and  considering  the  fine  sub-division  of  the 
slaked  lime  as  it  reaches  the  soil,  and  the  facts  that  the  air  of  the 
soil  is  commonly  much  richer  in  carbonic  acid  than  is  the  general 
atmosphere  and  that  the  fermentative  destruction  to  which  the 
humus  and  other  organic  matters  of  the  soil  are  increasingly  sub- 
jected through  the  influence  of  the  added  lime,  must  temporarily  tend 
to  a  still  greater  proportion  of  carbonic  acid  in  the  soil  air,  it  is  gen- 
erally conceded  that  the  lime  must  be  carbonated  almost  immediately 
after  it  is  spread  and  harrowed  in. 

Storer*  says:  "It  is  not  to  be  supposed  that,  in  the  field,  reactions 
due  to  the  causticity  of  the  lime  can  go  on  for  any  long  period."  He 
then  gives  reasons,  similar  to  those  of  the  preceding  paragraph,  for 
this  belief.  "The  action  of  the  carbonate  of  lime,  when  formed,  will 
not  differ  essentially  from  that  of  marl,  or  powdered  limestone." 

Mayerf  also  makes  a  very  similar  statement. 

INFLUENCE  OF  FINENESS  OF  CARBONATE. 

R.  Heinrich,!  going  upon  the  above  theory,  claims  that  the  lime 
changes  almost  immediately  after  its  application  to  the  soil,  to  the 
carbonate;  the  greater  effect  of  burnt  lime,  as  compared  with  pul- 
verized chalk,  limestone  and  other  lime  carbonates,  is  supposed  to  be 
due  not  to  its  causticity,  but  to  the  finer  sub-division  of  the  car- 
bonate which  is  formed  from  it.  To  show  the  influence  of  fineness 
upon  the  effective  action  of  calcium  carbonate,  this  investigator  grew 
peas  and  alfalfa  in  a  series  of  pots;  the  sandy  soil  used  contained 
only  0.091  per  cent,  of  lime;  the  pots  in  most  of  the  series  received  a 
basal  manure  containing  potash  and  phosphoric  acid,  and.  four  sets 
received  a  further  addition  of  finely  pulverized  Carrara  marble,  of 
different  degrees  of  fineness,  graded  by  sifting,  the  quantity  added 
in  each  instance  being  equal  to  0.5  per  cent,  of  the  weight  of  the  soil. 
Letting  the  maximum  yield  be  represented  by  100,  the  several  crop 
yields  were  relatively  as  follows: 


•Oi,.  at.,  II,  151. 

tLehrb.  A^.  Chem.,  II,  286. 
JMergel  u.   Mergeln,  29. 
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Treatment. 


Unfertilized,   

Basal  fertilizer  alone  

Fertilizer  and  maible,  grains  1.5  to  2  mm.  diameter  

Fertilizer  and  marble,  grains  1.0  to  1.5  mm.  diameter,  .. 
Fertilizer  and  marble,  grains  0.5  to  1.0  mm.  diameter,  .. 
Fertilizer  and  marble,  grains  less  than  0.5  mm.  diameter 


Peas. 

Alfafa. 

54.2 

0 

47.1 

0 

66.7 

59.2 

80.1 

78.5 

90.2 

100.0 

100.0 

100.0 

In  other  words,  the  carbonate  in  grains  of  0.06  to  0.08  inches 
diameter,  was  scarcely  more  than  half  as  efficient  as  that  of  about 
half  that  diameter,  the  surface  exposed  to  the  action  of  solvents 
being  four  times  greater  in  the  latter  case,  assuming  an  equal  distri- 
bution of  the  particles  in  each  case. 

A.  Bernard*  suggests  that  the  efficiency  of  the  lime  compound  de- 
pends not  solely  upon  its  nature  and  fineness  of  sub-division,  but  also 
upon  the  relation  between  its  effective  surface  and  that  of  other  soil 
constituents  present;  thus  clay,  being  more  finely  divided  than  siand, 
would  more  largely  modify  the  action  of  the  lime  than  would  sand. 

COMPARATIVE  EFFECTS  OP  CAUSTIC  AND  CARBONATED  LIME. 

It  is  further  asserted  that  in  many  ways  the  actions  of  the  caustic 
lime  and  the  carbonate  are  almost  precisely  alike.  * 

Thus,  to  test  their  relative  efficiency  in  liberating  alkalies  from  a 
soil,  Heinrichf  exposed  200  grammes  of  soil  and  of  mixtures  of  the 
soil  with  caustic  lime  and  calcium  carbonate  in  quantities  equivalent 
to  0.5  per  cent,  of  calcium  oxid  for  each  100  parts  of  soil.  Water  to 
the  amount  of  750  c.  c.  was  used,  and  where  carbonic  acid  was  em- 
ployed it  was  led  into  the  liquid,  already  mixed  with  the  soil,  for 
one  hour  at  the  beginning  of  the  period  of  twenty-four  hours,  during 
which  the  solvent  acted  in  each  case.  The  results  are  expressed  in 
the  weight  of  alkaline  sulfates  found  in  the  liquid  for  each  100 
grammes  of  soil  used: 


Treatment. 

1.  Pure  water  

2.  Pure  water  with  carbonic  acid  

3.  Pure  water  with  caustic  lime,   

4.  Pure  water  with  caustic  lime  and  carbonic  acid  

5.  Pure  water  with  carbonate  of  lime  

6.  Pure  water  with  carbonate  ot  lime  and  carbonic  acid. 


1^ 

is 

v,0 


0.031 
0.038 
0.048 
0.066 
0.046 
0.060 


*Le  Galea  Ire,  59-62. 
•}0p.  cit.,  2». 
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That  is,  the  caustic  lime  and  the  carbonate  were  of  equal  ettective- 
ness  under  like  conditions  of  action. 

Dietrich"^  had.  much  earlier,  made  a  similar  investigation,  exposing 
soils  and  pulverized  rocks  for  three  months  to  the  action  of  distilled 
water  with  (])  caustic  lime,  [2)  calcium  carbonate,  (3)  calcium  car- 
bonate and  carbonic  acid.  Two  hundred  grammes  of  the  material, 
from  which  readily  soluble  matter  had  first  been  removed  by  repeated 
washing,  were  used  with  150  c.  c.  of  water;  the  lime  used  equalled  1 
per  cent  of  the  soil,  the  calcium  carbonate  2  per  cent.  The  carbonic 
acid  was  added  to  saturation  and  four  times  renewed  during  the  ex- 
periment. The  alkalies  made  soluble  are  expressed  as  chlorids,  in 
grammes : 


Material. 


o 


Grammes, 

Basalt,  freshly  broken,  moderately  fine  J  ^-Ui 

Porphyry  1  ^■'^l 

Loam  rich  in  humus,   i 

Loam  rich  in  humus,  burned  I  D.OM 


•a 

c 
cS 


Hi 

a  o 


3i3 

o 


Grammes. 

0.1.54 
0.011 
0.023 
0.025 


In  this  experiment,  the  carbonate  was  markedly  inferior,  except  in 
case  of  the  burned  loam;  with  the  aid  of  carbonic  acid,  however,  its 
action  was  equal  to  that  of  the  caustic  lime.  There  is  no  satisfactory 
information  concerning  the  flnenessi  of  the  carbonate,  however,  so  that 
the  inferior  action  of  the  latter  may  be  due  to  its  coarseness  rather 
than  to  its  chemical  inactivity. 

The  sulfate  is  said  to  be  more  potent  than  caustic  lime  in  con- 
verting anhydrous  silicates  to  the  more  available  forms. 

It  has  already  been  observed  that  the  mild  carbonate  of  lime  is 
readily  attacked  by  humus  acids,  so  that  it  serves  well  the  purpose  of 
correcting  soil  acidity;  also,  that  it  more  favorably  affects  nitrifica- 
tion than  does  caustic  lime;  and,  very  possibly,  the  same  maybe 
true  of  the  other  bacterial  actions  constantly  occurring  in  the  soil. 
Furthermore,  if,  as  some  aver,  the  flocculating  action  of  lime  be 
really  due  to  a  solution  of  acid  calcium  carbonate,  the  carbonate 
should  equally  well  promote  the  improvement  of  heavy  clay  soils. 

To  secure  more  direct  testimony  as  to  the  eventual  net  result  of 
the  various  reactions  set  up  in  the  soil  by  the  application  of  lime  in 
the  caustic  or  the  carbonated  condition,  Henirichf  carried  on  an  ex- 


M.  in-alv.  Ciiora.,  74,  12;  Jb.  Agr.  Chem.,  1,  34. 
top.  at.,  23. 
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periment,  using  the  same  soil  and  basal  manure  as  were  employed  by 
him  in  the  previously  described  experiment  made  to  determine  the 
influence  of  the  fineness  of  the  carbonate  upon  its  efficiency.  In  addi- 
tion to  the  basal  manure,  enough  of  the  several  calcareous  compounds 
vpas  added  to  furnish  calcium  oxid  equivalent  to  0.5  per  cent,  of  the 
soil.  The  relative  w^eight  of  peas  and  alfalfa  secured  are  given  below, 
100  standing  for  the  maximum: 


Treatment. 

Peas. 

Alfafa. 

47 
41 
79 
100 

96 
98 
98 
84 
88 

1 

4.  Commercial  precipitated  shells  (contains  54.39  per  cent  lime),  ... 

5.  A^'lefeenkalk  (contains  32.14  per  cent,  lime),  used  in  fresh,  soft 

The  carbonates  were  finely  powdered  and  passed  through  a  very 
fine  sieve  before  application. 

In  both  cases  higher  results  were  obtained  from  certain  carbonates 
than  from  the  caustic  limes. 

On  the  other  hand,  the  caustic  action  of  lime  as  a  fungicide  or 
vermicide,  can  not  be  performed  by  the  carbonate.  Laboratory  ex- 
periments also  indicate  a  far  less  vigorous  direct  chemical  action  by 
the  carbonate  than  by  the  caustic  compound  in  decomposing  organic 
matters. 

General  experience,  especially  upon  heavy  soils,  leads  to  a  decided 
preference  for  the  burnt  lime.  Loudon*  says:  "The  effect  of  powder- 
ed limestones  *  *  *  as  a  manure  *  *  *  is  so  much 
inferior  to  that  of  burnt  lime  that  they  have  long  since  been  laid 
aside."  '  , 

But  this  may  be  due  solely  to  the  fact  that  it  is  not  practicable  to 
secure  by  purely  mechanical  means  so  fine  a  state  of  sub  division  as 
that  which  is  attained  by  burning  and  slaking. 

LIME  IN  MASS  NOT  COMPLETELY  CARBONATED.    ^  . 

Reasoning  by  analogy  from  the  rate  at  which  lime  air-slakes  in  the 
heap,  it  is  almost  necessary  to  assume  that  lime  can  not  long  remain 
caustic  after  it  has  been  spread  and  worked  into  the  soil  in  a  finely 
divided  state.  It  is  true,  though,  that  compact  lumps  or  masses  of 
calcium  hydrate,  once  their  surfaces  are  carbonated,  change  very 
slowly  through  their  interior  portions.  Thus,  Reid  states  that  upon 
examining  mortar  used  several  centuries  since  in  the  construction  of 


*Encyclope(iia  of  Agriculture,  §  387. 
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certain  European  buildings,  the  interior  portions  of  tlie  mortar  were 
found  to  exist,  even  yet,  in  an  uncarbonated,  caustic  condition. 

CONDITION  OF  LIME  AND  MAGNESIA  IN  TREATED  SOILS. 

To  secure  direct  evidence  upon  the  state  of  combination  of  tlie 
lime  and  magnesia  at  the  end  of  the  experiments  made  in  our  labora- 
tory and  to  further  examine  into  the  allegation  that  magnesium  lime 
may  owe  its  sometimes  injurious  action  to  the  slower  rate  of  its  car- 
bonatation,  a  careful  determination  of  the  amounts  of  carbonic  acid 
present  in  the  soils  treated  with  lime  and  magnesia  was  made  by  Mr. 
O.  W.  Norris,  using  the  method  previously  used  upon  the  original 
soils.    The  results  were  as  follows: 


TABLE  XV— Percentage  of  Carbonic  Acid  in  Treated  Soils. 


Soils. 

Lime 
treat- 
ment. 

Magnesia 
treat- 
ment. 

0.207 

0.094 

0.163 

0.046 

0.235 

0.095 

0.116 

0.269 

0.110 

0.020 

0.039 

0.030 

0.202 

0.06S 

0.135 

0.015 

0.133 

O.045 

Using  these  percentages  and  those  obtained  for  the  original  soils, 
and  correcting  for  the  differences  in  soil  moisture,  but  neglecting,  as 
inconsiderable,  any  changes  in  weight  the  soils  might  have  undergone 
from  other  causes,  the  percentages  of  the  added  lime  and  magnesia 
that  had  become  converted  to  carbonates  by  the  end  of  the  experiment 
are  estimated  to  be  as  follows: 

TABLE  XVI— Perceatas-e  of  Alkaline  Earths  Carbonated  in  the  Soil. 


Sells. 


Lime     ■  Magnesia 
Treat-    j  Treat- 
ment, ment. 


I                                                   .    43.8 

ii;    31.7 

III,    50.9 

IV  I  18.2 

V    21.7 

vi;   

VII   41.5 

VIII,    26.6 

IX   21.5 


15.1 
1.8 
15.3 
56.9 


7.5 


In  those  cases  marked  with  a  star,  less  carbonic  acid  was  found 
at  the  end  than  at  the  beginning  of  the  experiment.  After  ten 
months  in  thorough  admixture  with  soils  more  or  less  supplied  with 
humus,  less  than  half  the  lime  had  combined  with  carbonic  acid,  in 
all  but  one  soil.  In  the  muck  soil  there  was  no  more  carbonic  acid 
than  at  the  outstart. 
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Concerning  the  conditions  of  these  experiments  it  may  be  re- 
marked that  the  lime  did  not  lie  exposed  upon  the  surface  of  the  soil 
for  any  length  of  time,  nor  was  the  contact  of  the  soil  with  carbonic 
acid  from  the  air  so  complete  as  would  be  the  case  in  an  open  field. 
On  the  other  hand,  however,  the  lime  was  very  finely  sub-divided 
and  well  distributed  through  soils  in  which  there  was  considerable 
decay  of  humus  during  the  progress  of  the  experiment,  such  as  is 
supposed  to  furnish  carbonic  acid  in  abundance. 

The  evidence  favors  the  belief  that  the  conversion  of  caustic  lime 
to  carbonate  in  the  soil  may  be  much  less  rapid  than  has  been  here- 
tofore assumed.  The  evidence  does  not,  however,  show  positively 
the  state  of  combination  in  which  the  uncarbonated  lime  exists. 
Some  of  it  is  doubtless  affiliated  with  the  silicates,  humates  or  ul- 
mates,  nitrates  and  phosphates  of  the  soil,  but  considering  the  rela- 
tively large  quantity  applied,  it  is  difticult  to  conceive  that  a  very 
large  fraction  has  not  remained  in  caustic  condition. 

MAGNESIA  LESS  READILY  CARBONATED. 

As  for  the  magnesia,  it  evidently  carbonates  much  less  readily 
than  the  lime,  and  the  inference  that  the  evil  effects  sometimes  ob- 
served after  its  application  in  magnesian  limes,  may  be  due  to  its 
persistent  causticity,  is  strongly  supported. 


SUMMARY  OF  RESULTS  OF  THE  PENNSYLVANIA  EXPERI- 
MENTS. 


1.  Most  of  the  soils  contained  a  moderate  amount  of  lime,  only  two 
being  strikingly  deficient. 

2.  All  but  one  contained  more  magnesia  than  lime. 

3.  No  effect  upon  the  moisture  relations  followed  the  use  of  lime. 
Very  probably  the  failure  to  discover  such  effect  is  due  to  a  faulty 
preparation  of  the  soil  for  observation. 

4.  Liming  was,  in  all  cases,  followed  by  increased  availability  of  the 
potash,  sometimes  to  nearly  50  per  cent,  of  the  original  amount  avail- 
able. 

5.  A  similar  increase  in  available  i)]iosphoric  acid  accurred  in  all 
but  one  soil. 

T),  In  four  of  llii'  soils  ncidilv  wiis  evident,  so  that  some  of  the 
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benefit  derived  in  practice  from  liming  these  soils  is  attributable  to 
the  neutralization  of  the  acid. 

7.  There  was  less  loss  of  total  organic  matter,  but  more  loss  of 
active  humus  as  the  result  of  liming  compared  with  fallowing. 

8.  Liming  resulted  in  a  diminution  of  the  nitrogen,  from  loss  of 
ammonia  in  all  probability;  a  marked  increase  in  nitrates  and,  in 
one  soil,  of  nitrogen  in  other  organic  compounds  than  the  amids.  The 
nitrogen  in  the  form  of  amids,  in  one  soil,  and  of  active  humus  suf- 
fered a  decided  decrease. 

9.  At  the  end  of  ten  months,  much  less  than  50  per  cent.,  on  the 
average,  of  the  added  lime  had  turned  to  carbonate. 

10.  As  for  the  magnesia,  it  liberated  potash  as  freely  as  did  lime, 
on  the  average;  was  even  more  influential  than  lime  in  its  average 
effect  in  rendering  the  phosphoric  acid  more  assimilable;  an  even 
smaller  quantity  would  suffice  of  magnesia  than  of  lime  as  a  correc- 
tive of  acidity;  it  alfected  total  organic  matter  and  matiere  noire 
in  manner  and  degree  like  lime,  as  also  it  did  the  various  nitrogenous 
componnds,  except  that  ammonia  was  more  abundant  in  its  presence. 
It  carbonated  very  much  less  readily  than  lime. 

So  that,  in  general,  its  functions  in  the  soil  are  very  similar  to 
those  of  lime.  It  is  only  when  it  is  applied  in  large  quantity  so  that 
it  may  keep  the  soil  too  highly  alkaline  for  a  long  period  or  may,  in 
some  other  manner,  act  poisonously  upon  the  plant  in  the  absence 
of  a  proper  proportion  of  lime,  that  ground  is  given  for  objection  to 
its  use.  Moderate  applications  of  most  of  the  magnesian  limes  of 
Pennsylvania  can  be  made  without  fear  when  liming  is  indicated  as 
desirable. 


SOME  FINAL  PRACTICAL  CONSIDERATIONS. 


CIRCUMSTANCES  SUGGESTING  THE  USE  OF  LIME. 

It  is  not  possible  to  indicate  certainly  all  cases  in  which  liming 
is  admissible.  Its  use  is  clearly  suggested  as  needful,  sooner  or  later, 
upon  light  uplands  whose  characteristic  vegetation  shows  that  lime 
is  not  abundant.  When  soils  are  acid,  whether  from  the  oxidation 
of  sulfids,  from  the  residues  of  fertilizers  or  from  humus;  when  clay 
soils  become  too  adhesive;  when  swamp  lands  are  to  be  brought 
rapidly  into  bearing  (in  both  these  last  named  cases,  draining  must 
precede  liming  to  secure  the  full  efficiency  of  the  latter).  It  will  be 
10 
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helpful  when  heavy  sod,  a  large  green-manuring  crop  or  a  heavy  dress- 
ing of  very  strawy  manure  is  to  be  turned  under,  especially  in  a 
soil  deficient  in  lime  or  magnesia;  in  these  cases  a  good  distribution 
of  the  lime  in  contact  with  the  decaying  vegetable  matter  should,  in 
one  way  or  another,  be  secured.  When  clover  persistently  fails,  a 
moderate  liming  is  suggested  as  a  possible  necessity  before  securing 
a  good  growth.  It  is  clearly  indicated  on  lands  where  turnips  suffer 
from  the  "fiuger-and-toe"  disease,  but  should  be  avoided  where  po- 
tatoes are  to  follow  soon  in  the  rotation.  Where  lime  is  cheap,  it 
may  prove,  for  a  time,  the  cheapest  means  of  securing  available 
potash,  by  its  action  upon  the  unavailable  supply  already  present  in 
the  soil.  On  soils  relatively  rich  in  iron  and  requiring  the  use  of 
phosphatic  fertilizers,  a  moderate  dressing  of  lime  before  the  time  of 
fertilizing  will  greatly  increase  the  duration  of  effect  of  the  phos- 
phate. 

On  the  other  hand,  liming  alone  is  insufficient  on  poor  lands;  they 
may  respond  well  for  a  brief  time,  but  are  soon  exhausted  of  the  ma- 
terials upon  which  lime  can  react.  On  such  lands,  heavy  manuring 
must  go  hand  in  hand  with  liming.  Indeed,  even  on  lands  of  good 
heart,  care  must  be  taken  to  maintain  the  humus  supply  when  liming 
is  constantly  practised.  .  v 

FRBQUENCT  OF  LIMING. 

As  to  the  frequency  of  liming,  circumstances  must  somewhat  de- 
termine. A  single  heavy  dressing  of  lime  may  correct  the  undue  plas- 
ticity of  a  clay  and  retain  it  in  a  flocculated  condition  for  many  years, 
particularly  when  it  is  tilled  with  judgment;  later,  light  dressings 
applied  at  not  too  great  interval,  will  suffice  to  retain  the  desirable 
texture  indefinitely.  For  the  correction  of  acidity  a  single  heavy 
dressing  may  suffice  for  years.  Where,  howcA^er,  the  immediate 
breaking  down  of  vegetable  matter  is  desired,  an  application,  at  the. 
time,  of  a  properly  adjusted  quantity  of  lime  would  seem  advisable. 

QUANTITY  TO  BE  APPLIED. 

As  lo  the  quantity  of  lime  applied:  this  must  depend  upon  the  fre- 
(]uency  of  the  ai)plication,  as  well  as  upon  the  purpose  sought  to  be 
accomplished.  In  correcting  the  plasticity  of  a  heavy  clay,  or  the 
acidity  of  a  soil,  or  in  preparing  new  land,  rich  in  humus,  for  some  in- 
tensive culture  such  as  onion  growing  or  celery,  the  first  dressing  may 
need  to  be  heavy.  An  application  of  upwards  of  100  bushels  of  slaked 
lime  would  doubtless  prove  economical  in  a  few  such  cases.  Good 
results  have  attended  the  use,  in  such  circumstances,  of  as  much  as 
500  bushels  of  slaked  lime;  but  it  is  rare  that  better  growth  is  ob-  , 
served  where  the  lime  was  thickly  spread,  near  the  heap  or  wagon. 
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tliau  Avliere  it  lies  more  thinly  upon  the  ground  at  the  points  more 
remote  from  the  center  of  distribution.  In  general,  it  would  be  wise 
to  prove  by  actual  test  that  more  than  100  bushels  actually  gives 
a  paying  result  over  and  above  that  yielded  by  the  smaller  dressing, 
before  going  to  the  expense  of  the  heavier  application.  As  lime 
does  not  retain  its  maximum  efficiency  for  a  very  long  time,  as  it 
is  among  the  substances  more  easily  removed  from  the  soil  by  drain- 
age and,  particularly,  as  it  tends  to  pass  quickly  into  the  sub-soil 
while  its  effects  are  chiefly  sought  in  the  surface  soil,  lighter  dressings 
at  more  frequent  intervals  are  more  likely  to  produce  an  economical 
result  than  very  heavy  dressings  at  longer  intervals.  Indeed,  it  may 
safely  be  stated  as  a  rule  applicable  to  most  cases,  that  when  the 
soil  has  already  been  brought  into  fair  condition,  an  application  of 
flfty  bushels  or  even  less  will  suffice  to  maintain  heavy  lands  in  good 
tilth  and  fertility  if  made  once  in  six  to  ten  years.  On  lighter  soils, 
under  like  conditions  otherwise,  the  dressing  may  often  show  its 
maximum  benefit  if  no  greater  than  twenty-five  bushels.  For  light 
lands  especially,  is  the  maxim  of  very  light  dressings  made  more 
frequently,  to  be  adopted.  The  dressing  should  be  larger,  the  deepar 
the  surface  soil. 

WHEN  TO  LIME. 

For  special  purposes,  the  time  for  liming  indicates  itself — as  in 
correcting  some  injurious  condition  of  the  soil,  such  as  adhesiveness 
or  acidity,  or  as  in  the  preparation  of  new  land  for  use,  or  as  in  the 
top  dressing  of  a  permanent  meadow  when  clovers  are  failing. 

But  some  plants,  as  Wheeler*  has  remarked,  are  especially  liable 
to  injury  from  the  effect  of  caustic  lime,  and  its  use  just  before  their 
planting  is  not  commendable  unless  circumstances  compel  it;  such 
crops  are  Indian  corn,  rye  and  millet.  On  the  other  hand,  certain 
crops,  such  as  beets,  lettuce,  spinach,  celery,  cauliflower,  kohl  rabi, 
onions,  muskmelon,  cantaloupes,  salsify,  cabbages,  cucumbers,  etc., 
seem  to  thrive  especially  well  immediately  after  a  liming.  For  the 
general  purpose  of  maintaining  in  the  soil  an  adequate  supply  of 
calcium  carbonate,  with  all  its  attendant  advantages  and,  at  the 
same  time,  of  gaining  the  maximum  immediate  advantage  upon  that 
crop  in  our  general  rotations  that  most  fully  responds  to  lime,  it  is 
believed  that  the  use  of  a  small  quantity  when  seeding  down  or,  in 
some  ways  even  better,  as  a  top  dressing  upon  the  clover  in  wheat  or 
oats  stubble,  will  give  the  largest  return. 

PREPARATION  OF  LIME. 

The  precautions  that  should  be  taken  to  keep  the  lime  in  a  caustic 
state  and  to  secure  its  proper  slaking  have  already  been  stated  with 


♦Bulletin  46.  H.  I.  Agr.  Exp!  Sta.,  p.  94. 
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the  reasons  therefor.  It  only  needs  to  be  added  that  the  lime  should 
be  worked  thoroughly  into  the  surface  soil  as  soon  as  it  is  spread, 
except  when  it  is  to  be  plowed  under  with  sod,  green  or  stable  manure, 
or  when,  of  course,  it  is  added  as  a  top  dressing  to  a  growing  crop. 

METHOD  OF  APPLICATION. 

When  used  before  corn,  it  is  commonly  better  to  apply  in  the  fall 
or  winter,  if  spring  plowing  is  adopted,  and  the  plowing  is  shallow. 
In  this  way,  the  best  return  to  the  crop  is  often  secured.  If,  however, 
tlje  plowing  is  deep,  better  results  have  often  attended  the  use  of  lime 
as  a  top  dressing  harrowed  in  some  days  before  corn  planting.  There 
is  some  reason  for  believing  that  where  the  sod  is  very  heavy,  and  is 
to  be  deep  plowed,  a  division  of  the  application,  part  upon  the  sod, 
and  part,  later,  as  a  top  dressing,  would  be  more  beneficial.  The 
various  means  of  distribution  have  been  earlier  discussed. 

LIME  SUBSTITUTES. 

Where  lime  is  not  readily  accessible,  carbonate  of  lime  is  some- 
times to  be  had  in  the  form  of  leached  wood  ashes,  tannery  ashes 
or  marl.  The  quantity  to  be  applied  must  vary  with  the  composition. 
It  requires  nearly  twice  as  much  carbonate  as  of  pure,  unslaked  quick- 
lime to  perform  a  given  work;  often  much  more,  from  the  fact  that  the 
ash,  marl,  etc.,  are  much  coarser  grained. 

Unleached  wood  ashes  require  some  caution  when  used  in  large 
quantities.  The  considerable  quantities  of  potassium  carbonate  they 
contain,  often  more  than  neutralize  the  flocculating  effect  of  the  cal- 
cium carbonate  and  leave  a  heavy  soil  even  more  adhesive  and  com- 
pact than  before  the  application  of  the  ash;  but  they  are  more  efficient 
than  lime  in  compacting  very  light  soils. 
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APPENDIX  A. 


I.— LIST  OF  FARM  CORRESPONDENTS— BY  COUNTIES. 


Adams,  Mr.  L.  W.  Lighty,  East  Berlin. 

Mr.  Geo.  P.  Myers,  Flora  Dale. 
Armstrong,  Mr.  S.  S.  Blyholder,  Leechburg. 

Mr.  A.  M.  Hindman,  Cralgsville. 

jjgaver   Mr.  Wm.  T.  Anderson,  New  Galilee. 

Bedford,   Hon.  J.  S.  Biddle,  Loysburg. 

Mr.  G.  W.  Oster,  Osterburg. 

Mr.  Thomas  P.  Beekley,  Alum  Bank. 
Berks,  Hon.  George  D.  Stitzel,  Reading. 

Mr.  J.  W.  Albright,  Shartlesville. 

Blair,   '.  Mr.  Frederick  Jaekel,  Hollidaysburg. 

Bradford,  Mr.  S.  W.  Lester,  Troy. 

Mr.  Asa  S.  Stevens,  Franklindale. 
Bucks   Mr.  John  K.  Scarborough,  Pineville. 

Mr.  Ezra  Michener,  Carversville. 

Mr.  F.  L.  Mulford,  Edgewood. 
Butler,  Mr.  Harlan  Book,  Euclid. 

Mr.  O.  W.  Stoughton,  Prospect. 
Cambria,  Mr.  David  B.  Wertz,  Johnstown. 

Mr.  John  E.  Tomlinson,  Lofetto. 
Cameron  Mr.  E.  M.  Fairchild,  Sizerville. 

Mr.  B.  V.  Wykoff,  Sinnemahoning. 

Carbon,   Mr.  George  T.  Wells,  Rockport. 

Centre,'  Mr.  T.  M.  Gramley,  Spring  Mills. 

Col.  J.  F.  Weaver,  Milesburg. 

Chester,  Mr.  R.  M.  Simmers,  Phoenixville. 

Clinton,  Mr.  Joel  A.  Herr,  Cedar  Springs. 

Columbia  Mr.  A.  P.  Young,  Millville. 

Mr.  Albert  Cope,  Berwick. 

Hon.  William  T.  Creasy,  Catawissa. 

Crawford,   Mr.  John  C.  McClintock.  Meadville. 

Cumberland,  Hon.  S.  M.  Wherry,  Shippensburg. 

Mr.  B.  D.  Biggs,  Shippensburg. 


Dauphin  Mr.  S.  F.  Barber,  Harrisburg. 

Mr.  John  Moyer,  Gratz. 

Mr.  Gabriel  Hiester,  Harrisburg. 
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Delaware,  Mr.  Joseph  H.  Paschall,  Ward. 

Mr.  William  M.  Ott,  Station  M^  Philadelphia. 
Elk,  Mr.  J.  M.  Wittmau,  St.  Marys. 

Mr.  Joseph  Kaiser,  St.  Marys. 
Erie,  Mr.  H.  H.  Russell,  Belle  Valley. 

Hon.  H.  H.  Chaffee,  Lowville. 

Mr.  B.  J.  Crowell,  Lovell's  Station. 

Fayette,  Mr.  W.  E.  Crawford,  Belle  Vernon. 

Forest,  Mr.  C.  A.  Randall,  Tionesta. 

Mr.  T.  D.  Collins,  Nebraska. 
Franklin,  Mr.  Henry  Omwake,  Greencastle. 

Mr.  C.  B.  Hege,  Marion. 

Dr.  A.  H.  Strickler,  Waynesboro. 
Fulton,  Mr.  J.  F.  Johnston,  Webster  Mills.  ' 

Hon.  S.  P.  Wishart,  Wells'  Tannery. 

Greene,  Mr.  N.  H.  Biddle,  Carmichaels. 

Huntingdon,  Mr.  George  G.  Hutchison,  Warrior's  Mark. 

Mr.  T.  O.  Milliken,  Cornpropst's  Mills. 

Dr.  W.  T.  Browning,  Orbisonia. 
Indiana,  Hon.  N.  Seanor,  Denton. 

Hon.  John  Hill,  Blairsville. 
Jefferson,  Mr.  James  McCracken,  Frostburg. 

Mr.  John  H.  Lewis,  Frostburg. 
Juniata,  Mr.  J.  T.  Ailman,  Thompsontown. 

Mr.  D.  B.  McWilliams,  Walnut. 

Lackawanna,   Mr.  J.  H.  Hathrill,  Moscow. 

Lancaster,  Capt.  J.  P.  Bricker,  Lititz. 

Mr.  James  Collins,  Quarryville.       .  . 
Lawrence,  Mr.  George  Dean,  Princeton.  . 

Mr.  Thomas  Love,  Hillsville. 
Lebanon,  Mr.  Samuel  Groh,  Lickdale. 

Lehigh,  Mr.  Alfred  J.  S.  Diefenderfer,  South  White  Hall. 

Mr.  P.  P.  Mohr,  Fogelsville. 
Luzerne,  Mr.  John  R.  Gould,  Bell  Bend. 

Mr.  W^illiam  J.  Honeywell,  Dallas. 

Mr.  H.  B.  Larned,  Huntingdon  Mills. 
Lycoming,  Mr.  Abner  Fague,  Picture  Rocks.      .      i  , 

Mr.  R.  H.  Grier,  Jersey  Shore. 

Hon.  A.  J.  Kahler,  Hughesville. 
McKean  Mr.  Eugene  Mulliu,  Bradford. 

Dr.  A.  B.  Armstrong,  Smethport. 

Mr.  T.  M.  McClellan,  Mt.  Jewett. 

Mercer,  Mr.  ^.  C.  Mossford,  Millbrook. 

Mifflin  Mr.  R.  A.  Naginey,  Milroy. 
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Monroe,  Mr.  Emil  Uliich,  Stroudsburg. 

Mr.  Eaudall  Bisbing,  Minsi. 
Hon.  K.  F.  Schwarz,  Analomink. 

Montgomery,  Hon.  -Jason  Sexton,  Spring  Housv. 

Northampton,  Hon.  B.  B.  iMcClure,  Bath. 

Mr.  \V.  M.  Benniger,  Walnutport. 
Mr.  Albin  F.  Meyer,  Moorestown. 
Northumberland,  ..Mr.  G.  N.  Marsh,  Pottsgrove. 

]\Ir.  B.  F.  Keitz,  Elysburg. 

Perry,  Mr.  0.  L.  Steele,  Duncannon. 

Mr.  George  S.  Barnett,  New  Bloomtield. 
Mr.  James  E.  Stephens,  Acker. 

Philadelphia,  Mr.  J.  B.  Kirkbride,  Bustleton. 

Pike,  Mr.  J.  H.  VanEtten,  Milf ord. 

Potter,  Mr.  W.  A.  Gardner,  Andrews'  Settlement. 

Mr.  John  McDowell,  Pleasant  Valley. 

Schuylkill,  Mr.  W.  H.  Stout,  Pine  Grove. 

i\Ir.  W.  H.  Eiland,  Friedensburg. 

Snyder,  Mr.  M.  K.  Hassinger,  Middleburg. 

Mr.  Jacob  H.  Hetrick,  Beavertown. 

Somerset,   Hon.  N.  B.  Critchfleld,  Critchfleld. 

Mr.  C.  S.  Beal,  Elklick. 

Susquehanna,  Mr.  E.  W.  Watson,  New  Milford. 

Tioga   Mr.  F.  E.  Field.  Balsam. 

Mr.  Homer  Wilson,  Mansfield. 
Mr.  W.  W.  Inscho,  Canoe  Camp. 
Mr.  William  Norman,  Sebring. 

Uniou  Mr.  R.  J.  Moyer,  White  Deer. 

Mr.  H.  G.  McCarty,  Spring  Garden. 
Mr.  John  A.  Gundy,  Lewisburg. 

Venango,  Mr.  Porter  Phipps,  Kennerdell. 

Warren,  Mr.  R.  J.  Weld,  Sugar  Grove. 

Mr.  J.  P.  Samuelson,  Chandler's  Valley. 

Washington  Mr.  J.  G.  Berry,  Primrose. 

Mr.  J.  B.  Painter,  Independence. 

Wayne,   Mr.  W.  E.  Perham.  Niagara. 

Westmoreland,  . . .  Mr.  Geo.  S.  Barnhart,  Greensburg. 

Mr.  Daniel  H.  Pershing,  Stautfer. 
Mr.  John  W.  Welch,  Bradenville. 

Wyoming  Mr.  E.  H.  Binder,  Centremoreland. 

Mr.  C.  E.  Henning,  North  Mehoopany. 

York,   Mr.  George  F.  Saubel,  Brodbecks. 

Hon.  .James  A.  Stable,  Emigsville. 
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II.— ADDEESSES  OF  LIME  BURNEES  AND  DEALEES  GIVING 

INFOEMATION. 


Berks,  Mr.  M.  G.  Oberholtzer,  Bechtelsville. 

J.  S.  Pearson  &  Co.,  Calcium. 

Dr.  D.  Heber  Plank,  Morgantown. 

Mr.  Jacob  Shalfner,  Host. 
Blair,  Keystone  Lime  and  Stone  Company,  Tyrone. 

Mr.  John  Manning,  Hollidaysburg. 
■ :     Mr.  J.  King  McLanahan,  Jr.,  Hollidaysburg. 
Chester,  Avondale  Lime  and  Stone  Co.,  Avondale. 

Mr.  Isaac  Lesher,  Williamson. 

Jefferson,  Mr.  Joseph  M.  Swisher,  Punxsutawney. 

Lancaster,  Mr.  I.  Galen  Lefevre,  Quarryville. 

Lebanon,  Mr.  John  A.  Bachman,  Annville. 

Lehigh,  Mr.  A.  W.  Held,  Fogelsville. 

Mr.  E.  D.  Boyer,  Catasauqua. 
Lycoming,  Mr.  Abraham  Meyer,  Cogan  House. 

Mr.  J.  Sebring,  Jersey  Shore. 
Monroe,  Mr.  John  P.  Carmer,  Bossardsville. 

Mr.  Peter  M.  Heller,  Bossardsville. 

Mr.  Allen  Metzger,  Stormville. 
Montgomery,  Mr.  G.  W.  H.  Corson,  Plymouth  Meeting. 

Todd  &  Son,  Port  Kennedy. 


Northampton,  . . .  .Mr.  Edward  Fehnel,  Nazareth. 
Northumberland,  ..Mr.  A.  C.  Baylor,  Milton. 

Tioga,  Mr.  D.  F.  Gates,  Mansfield. 

York,   Bittinger  &  Eberly,  Hanover. 

Sussex,  N.  J.,  Mr.  George  N.  Cole,  Montague. 


APPKNDIX  B. 


ANALYSES  OF  PEISYLVAEIA  LIMESTONES. 


COMPILED  BT 


WILLIAM  FREAR  AND  C.  A.  BROWNE,  JR., 


TEOM  THE 


REPORT  OF  THE  SECOND  GEOLOGICAL  SURVEY  OF  PENNSYLVANIA;  THE  CATA- 
LOGUE OF  EXHIBITS  OF  THE  DEPARTMENT  OF  MINES,  WORLD'S  FAIR  COMMISSION 
OF  THE  STATE  OF  PENNSYLVANIA;  AND  THE  RECORDS  OF  THE  PENNSYLVANIA 
STATE  COLLEGE  AGRICULTURAL  EXPERIMENT  STATION. 


SYMBOLS  USED. 

AI2  O3. — Alumina. 

Ca  C03. — Carbonate  of  lime. 

Fe. — Iron. 

Fe  O. — Iron  oxid. 

Fe^  O3. — Iron  peroxid. 

Fe2  CO3. — Carbonate  of  iron. 

Fe  S,. — Iron  pyrites. 

H2  O.— Water. 

Mg  CO3. — Carbonate  of  magnesia. 

Mn„  O3. — Manganese  oxid. 

Ca  SO4. — Calcium  sulfate. 

Si  O2.— Silica. 

SO3. — Sulfuric  acid. 

Vo  O5. — Phosphoric  acid. 

Mn  CO3. — Carbonate  of  manganese. 

K2O.— Potash. 
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